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Annual General Meeting, 1957 


The E1cuty-EIGHTH ANNUAL GENERAL MEETING of THE IRON AND STEEL INSTITUTE 
was held on Wednesday and Thursday, 22nd and 23rd May. 1957, at the Offices of the 


Institute, 4 Grosvenor Gardens, London, S.W.1. 


Dr. H. H. Burton, c.B.£., the Retiring 


President, was in the Chair at the beginning of the Meeting. his place being taken later 
by Mr. A. H. Incen-Hovsz, the new President. 

Sessions were held at 9.45 a.m. and 2.15 p.m. on the Wednesday and at 10 a.m. and 
2.30 p.M. on the Thursday, a buffet luncheon being provided in the Library of the 
Institute on both days. On the Wednesday evening a Dinner for Members was held at 
Grosvenor House, Park Lane, London, W.1, attended by about 1350 Members and 


guest 8. 


MINUTES OF PREVIOUS MEETING 


THE MINUTES of the previous meeting were taken as 
read, and were confirmed and signed. 


WELCOME TO MEMBERS AND VISITORS 


The President, in welcoming Members and guests to 
the Meeting, offered a particular greeting to those from 
overseas, who included Mr. G. Frisell (Honorary Member) 
from Sweden, Professor Dr. R. Durrer (Honorary Vice- 
President) from Switzerland, Dr. J. Oberegger (Honorary 
Vice-President) from Austria, Baron Walckenaer (Hon- 
orary Vice-President) and Dr. E. Dupuy (Honorary Vice- 
President) from France, and Mr. A. H. Ingen-Housz 
(Honorary Vice-President and President-Elect) from 
Holland. A number of ladies, including Mrs. Ingen-Housz, 
Madame Pomey, and Baroness Walckenaer, were also 
present. Other overseas guests mentioned by the Presi- 
dent were Monsieur J. Pomey, President of the Société 
Frangaise de Métallurgie, and Monsieur G. Delbart 
of IRSID, Monsieur J. Wurth, Managing Director of the 
S.A. Cockerill-Ougrée, and Professor P. Coheur, of the 


C.N.R.M., Liége, and Dr. F. Harders, Vice-President of 


the Verein deutscher Eisenhiittenleute. 


OBITUARY 


The Institute had lost a number of Members through 
death during the year; the President referred in particular 
to Sir John Craig, Past-President and Honorary Member, 
who was one of the Grand Old Men of the industry, and 
Mr. W. L. James, a Member of Council since 1954. Two 
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ladies well known to the Institute had also died: Mrs. 
Arthur Dorman, wife of a Past-President, and Mrs. W. H. 
Hatfield. 


PRESENTATION OF REPORT OF COUNCIL AND 
ACCOUNTS 

The President next presented the Report of Council 
for 1956 and the Statement of Accounts and moved their 
adoption. In doing so he pointed out that the position 
of the Institute had been well maintained. He referred 
in particular to the success of the Special Meeting in 
France and again expressed the thanks of the Institute to 
their friends in France who had entertained them so 
lavishly. 

The Honorary Treasurer (Mr. W. Barr, 0.B.£.), in 
presenting the Accounts and seconding the President’s 
motion, drew Members’ attention to the fact that 
expenditure had increased from £77,244 in 1955 to 
£86,040 in 1956; fortunately income had increased by 
approximately the same amount. The sum of £407, the 
excess of income over expenditure, had been transferred 
to the Accumulated Fund. Transfers amounting to 
£1750 had been made from that Fund to the Reserves, 
leaving a balance of £28,939 at the end of 1956. 

As in previous years, the sum of £1000 had been allo- 
eated towards writing down the value of the lease of 4 
Grosvenor Gardens. With interest, a total of £1616 had 
now been written off. The lease now stood at £37,853 in 
the Balance Sheet. The total value of the House Fund 
on 3lst December, 1956, was £55,950, compared with 
£55,200 at the end of 1955. 

The motion for the adoption of the Report of Council 
and the Statement of Accounts was passed unanimously. 
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PRESIDENT’S REMARKS 
Journal 


The President said that some dissatisfaction had been 
expressed at the time taken to publish papers in the 
Journal. The Council sympathized with this feeling, but 
the position should not be exaggerated. More papers of 
high quality were being published than ever before, and 
most of them had been published without undue delay. 
Steps had been taken to remedy the position, and it was 
hoped that by the end of the year the “ backlog ” of 
papers would have disappeared. It was in the interests 
of all that authors should be as concise as possible. 


Translation Service 

At the suggestion of B.I.S.R.A. and after consultation 
with the British Iron and Steel Federation and the 
representatives of a number of companies, a co-operative 
service for the translation of technical papers was being 
organized by the Institute for the benefit of Members 
of the Institute and of B.I.S.R.A. 


Library and Information Service 


A committee was working on proposals for improving 
and extending the service provided by the Library and 
Information Department; it was too soon to forecast 
their recommendations. 


Powder Metallurgy 

Arising out of the Symposium on Powder Metallurgy 
held in 1954, a Joint Group on Powder Metallurgy had 
been organized in co-operation with the Council of The 
Institute of Metals, to operate within the framework of 
the two Institutes. Dr. Ivor Jenkins had agreed to be 
the first Chairman, and Mr. D. A. Oliver, c.B.E£., the 
Vice-Chairman. The first meeting would be held on 
4th December, 1957, at Church House, Westminster. 


Autumn General Meeting, 1957 

It had been proposed to hold a Meeting in Sheffield 
in the summer, but unfortunately it had proved impos- 
sible to find a mutually convenient date and so the 
Meeting had been cancelled. 

A departure from recent practice was being made for 
the Autumn General Meeting in 1957. It would be held 
in London on 24th September, and would be followed on 
the next two days by an important meeting organized 
by the Engineers Group, on Air Pollution in the Iron and 
Steel Industry. The second part of the Engineers Group 
meeting, on Water Pollution in the Iron and Steel In- 
dustry, would be held on 11th and 12th December. He 
expressed the pleasure of the Council at the active and 
useful work being done by the Engineers Group under 
the chairmanship of Mr. W. M. Larke. 


Meeting in Belgium and Luxembourg, 1958 


The Council had been pleased to accept invitations to 
hold a Special Meeting in Belgium and Luxembourg from 
17th to 28th June, 1958. Important technical discussions 
were being arranged. The general theme of the Meeting 
was to be ‘‘ New Developments in Iron and Steelmaking.”’ 


PRESENTATIONS 

Bessemer Gold Medal 

In presenting the Bessemer Gold Medal for 1957 to 
Dr. R. Durrer (Ludwig von Roll’schen Eisenwerke A.G.) 
in recognition of his distinguished contribution to the 
development of iron and steelmaking processes, and 
especially his pioneer work in the application of electricity 
to smelting and in the use of oxygen in iron and steel- 
making, the President referred to the Meeting of the 
Institute in Switzerland in 1947, when Dr. Durrer had 
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acted as host. Dr. Durrer was not only a distinguished 
scientist but also a great humanitarian and philosopher 
and a magnificent individual. 

In reply Dr. Durrer expressed his gratitude at being 
singled out for the award of the highest honour of The 
Iron and Steel Institute. This honour was a spur to 
him to continue along the road which he had been 
following, the road which led to the adaptation of the 
methods of ironmaking to the conditions governing the 
raw materials available. The days of the classical methods 
were numbered since it was now becoming possible to 
remedy their fundamental shortcomings. 


Sir Robert Hadfield Medal for 1957 


The President presented the Sir Robert Hadfield Medal 
for 1957 to Mr. J. Glen (Colvilles Ltd.), in recognition 
of his important contribution to the study of the deforma- 
tion of steel at elevated temperatures, which has led to 
a more reliable interpretation of creep data. 


Andrew Carnegie Silver Medal for 1956 


An Andrew Carnegie Silver Medal for 1956 was 
presented to Dr. J. Wilcock (University of Birmingham) 
for his report on “‘ Reactions involved in the First-stage 
Graphitization of Iron—Carbon-Silicon Alloys ”’ (Journal, 
1956, vol. 182, pp. 38-43). His co-author, Dr. W. S. 
Owen, was not eligible for an award. 


Williams Prize for 1956 


A Williams Prize for 1956 of £100 was presented to 
Mr. H. H. Ascough (Steel Company of Wales Ltd.) in 
respect of his paper ‘‘ Maximum Utilization and Problems 
of Wide-strip Rolling and Sheet Finishing Equipment ”’ 
(Journal, 1956, vol. 184, pp. 24-46). 

A second Williams Prize for 1956 of £50 was presented 
to Mr. R. H. Slade (Steel Company of Wales Ltd.) for 
his paper “ Soaking Pit Practice at the Abbey Works of 
the Steel Company of Wales Ltd.” (Journal, 1956, vol. 
182, pp. 3-9). 


Ablett Prize for 1956 

An Ablett Prize for 1956 of £100 was presented to 
Mr. R. M. L. Elkan (The Loewy Engineering Co., Ltd.) for 
his paper “‘ Modern Forging Presses and Their Control ” 
(Journal, 1956, vol. 182, pp. 200-215). His co-author, 
Mr. J. T. Lewis, was not eligible for an award. 


ANNOUNCEMENTS 


The Secretary (Mr. K. Headlam-Morley) made the 
following announcements : 


Changes on Council 
Changes on Council since the previous meeting in 
November, 1956: 
Vice-President: Mr. E. Julian Pode 
Member of Council: Mr. E. W. Colbeck, m.a. 
Honorary Members of Council: 

Dr. L. B. Pfeil, 0.B.E., F.R.S., President of The 
Institute of Metals, in place of Major C. J. P. 
Ball, D.s.o. 

Mr. J. T. Mills, President of the Ebbw Vale Metal- 
lurgical Society, in place of Mr. W. H. R. Bird. 

Mr. J. S. W. Graham, President of the Liverpool 
Metallurgical Society, in place of Mr. W. Rose. 

Mr. P. Jubb, President of the Sheffield Metallurgical 
Association, in place of Mr. H. Allsop. 

Retiring Members of Council: 

In accordance with Bye-Law 10, the names of the 

following Vice-Presidents and Members of Council 

had been announced at the Autumn Meeting, 1956, 

as being due to retire at the present Meeting: 

Vice-Presidents: Mr. C. R. Wheeler, c.B.E., Mr. D. F. 
Campbell, and Mr. G. H. Latham. 
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Members of Council: Mr. S. Thomson, Mr. E. T. 
Judge, Mr. E. J. Pode (since elected Vice- 
President), Mr. B. Chetwynd Talbot, and Mr. 
W. L. James (since deceased). 

No other members having been nominated up to 

one month previous to the present meeting, the 

retiring Vice-Presidents and surviving Members of 

Council were re-elected. 


Andrew Carnegie Scholarships 

The following awards had been made since the previous 
Annual General Meeting: 

£400 to K. A. Satmon (University of Sheffield) to 
assist a research on the study of the kinetics of the 
transfer of sulphur between iron and slag. 

£400 to P. VasupEvAN (University of Manchester) 
to assist a research on the study of the progress of 
isothermal transformation by the Eggertz colour method, 
particularly in plain carbon steel. 

£200 to J. S. Wuire (University of Liverpool) to 
assist a research on the bainite reaction. 


Future Meetings 

The Autumn Meeting of the Institute would be held 
in London on 24th September, and would be followed 
by the Engineers Group Meeting on ‘‘ Air Pollution in 
the Iron and Steel Industry.” 

The Annual General Meeting, 1958, would be held on 
7th and 8th May. 


ELECTION OF MEMBERS 


The scrutineers of the ballot, Mr. R. Lemmy and Dr. 
§. A. Main, reported that the following had been elected: 


Members 


Balster, Heinz W., pr.1nG. (Witten, Germany); Barber, Arthur 
Ernest (Montreal, Canada); Bertreux, Camille (Denain, France); 
Booth, Derrick, A.meT. (Rotherham); Bray, Harold James, B.sc. 
(ENG.)MET., PH.D., F.I.M. (Manchester); Brown, John R., B.A. 
(Wolverhampton); Camble, Hedley James (Corby); Carter, William 
George (London); Chant, Leonard James, B.SC.(ENG.), A.M.I.E.E. 
(London); Chatterjee, Deb Kumar, B.£. (London); Clack, Derek S. 
(Stockport); Copley, F. E. L., A.mer. (Sheffield); Cormack, William 
James, B.SC., A.R.T.C. (Uddingston, Lanarkshire); Craig, Andrew M. 
(Croydon); Croset, Louis Paul, M.1.mEcH.E. (Huddersfield); Dickson, 
Andrew Marshall (Northampton); Douzinas, Nicolas (London); 
Edwards, Ernest William, M.1nst.F. (Sheffield); Erwin, J. T. (Swan- 
sea); Firth, Jack (Wakeficld); Flannery, John, A.M.1.MECH.E. 
(London); Gardner, David, w.1.m. (Peterhead, Aberdeenshire); 
Gosling, Alec Walter, B.SC.(ENG.), A.M.I.MECH.E. (Peterborough); 
Hamilton, William Gray (London); Harris, Herbert Roland (London); 
Harvey, John (Birmingham); Hillert, Mats Hilding, sc.p. (Stock- 
holm, Sweden); Hinckley, Douglas Neville (Sheftield); Holden, 
Charles, B.sc., M.INST.P. (Rotherham); Ito, Masao, B.ENG. (Tokyo, 
Japan); Jarvis, C. Mackechnie, M.1.E.E., A.I.MAR.E., M.I.CONS.E., 
F.L.s. (London); Jay, Geoffrey Thomas Foster, B.sc.(ENG.)(MET.), 
A.C.T., A.I.M. (Wolverhampton): Jones, D. Gordon, M.sc., F.I.M. 
(Johannesburg, South Africa); Jones, Josiah William, M.sc., 
A.F.R.AE.S., F.1.M. (Cranfield); Jost, H. Peter, A.M.I.MECH.E., M.I. 
PROD.E. (London); Knoyle, T. Ivor, A.M.I.MECH.E. (Swansea); 
Koritta, Josef, 1nc.pR. (Prague, Czechoslovakia); Laborde Werlinden, 
Manuel (Guipuzcoa, Spain); le Paige, Ulric (Liége, Belgium); Lewitt, 
Sidney Alfred, B.sc.(ENG.), M.I.E.E. (Chester); McMahon, Bernard, 
A.M.I.MECH.E. (London); Mangham, Derrick (Doncaster); Mitton, 
James (Brierley Hill); Morris, Bernard (Sheffield); Morrison, Robert 
William (Manchester); Murray, Joseph Dennis, A.MET., A.I.M. 
(Rotherham); Myers, Joseph (Rotherham); Myles, Asa H., B.s. 
(Cleveland, Ohio, U.S.A.); Ovens, George, B.SC.(HONS.), M.I.E.E., 
A.M I.MECH.E. (London); Paredes Quevedo, Juan Carlos (Aviles, 
Spain); Picton, William George (London); Pierpoint, Lionel (Stoke- 
on-Trent); Quartermap, Frank Alan, A.M.I.MECH.E. (London); 
Rodriguez-Yufera y Munoz, Francisco (Bilbao, Spain); Rosenthal, 
Hyman, B.ENG. (Brooklyn, N.Y., U.S.A.); Shackell, Francis William 
(Cardiff); Siddons, Raymond Henry, B.ENG., A.M.I.MECH.E. (Rother- 
ham); Singer, Alfred Richard Eric, B.sc., PH.D. (Swansea); Solberg, 
Birger, DIPL.ING. (Trondheim, Norway); Speirs, Archibald, B.sc., 
D.B.T.C., A.M. (Birmingham); Spooner, Dennis Alan, L.1.m. (Lon- 
don); Srinivasan, N. R., M.sc., PH.D. (Hadhya Pradesh, India); 
Stahlin, Ernst, piex.1nc. (Emmenbriicke, Switzerland); Stein, Emil, 
B.SC.(ENG.)(MET.), A.I.M. (Ponders End, Middlesex); Stevens-Wilson, 
Laurence William (London); Sukolski, Peter John, B.ENG.( HONS.) 
(Sheffield); Sumner, A. N., A.1.m. (Glasgow); Tyas, Ronald Harold, 
A.MET., L.1I.M. (Sheffield); Underwood, Louis Ivan (New York, N.Y., 
U.S.A.); Underwood, Sidney Edward (London); Waller, Bengt 
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(Nybybruk, Sweden); Warrior, George, A.M.I.MECH.E., A.M.C.T. 
(Manchester); Watson, Cecil Herbert (Singhbhum, India); Wells, 
William (Redcliff, Southern Rhodesia); Wildridge, William Edward, 
A.M. (Stockport); Worthington, Philip Michael, 3B.sc.(ENG.), 
A.M.1.C.E. (London). 


Associate Members 


Abbott, Colin Edward (Cambridge); Baird, Colin (Wednesbury); 
Bates, Alan Peter (London); Binder, Peter (Newcastle-upon-Tyne); 
Blore, Michael Hubert Dawson (Sheffield); Bowler, Michael (Chester- 
field); Brammar, Ian Sydney, B.MEeT.(HONs.) (Sheffield); Burls, 
Michael Martin (Morden, Surrey); Duxbury, James Keith, B.sc. 
(HONS.MET.) (Cambridge); Galloway, Koy Evans, G.1.MECH.E. 
(Rotherham); Goodwin, Peter Roland (London); Hartley, James 
Frederick Michael (Bassingbourn, Herts); Joyce, Richard Lawrence 
(Birmingham); Kings, Trevor John (Bromsgrove); Mitra, Ashis 
Baran (Sheffield); Nelson, E. (Middlesbrough); Nileshwar, V. B., 
B.SC.(HONS.) (Sheffield); Owen, Robert Anthony (Newcastle-upon- 
Tyne); Powell, Derek (Manchester); Riley, Colin Charles (Stafford); 
Salpeas, George B. (London); Siverns, Michael John (Bilston); 
Wayman, Clarence Marvin, m.s. (Bethlehem, Pa., U.S.A.); Williams, 
Howell Denzil (London); Woodington, Michael Geoffrey (London). 


The Secretary reported that membership had increased 
rapidly for some years after the war, and then there had 
been a slight check. Membership was now rising again. 
At the end of 1956 the total membership was 5084, the 
highest number to be reached. After the present election 
of 101 members, the total would be lower, 4971, but a 
drop of that order was normal at the time of the Annual 
General Meeting. 

INDUCTION OF NEW PRESIDENT 

The President then inducted the President-Elect, Mr. 
A. H. Ingen-Housz, into the Chair. He summarized 
his successor’s career briefly, and alluded to the fact that 
he was the first President from overseas since the late 
Mr. C. P. E. Schneider, who served from 1918 to 1920. 
In the most cordial terms he expressed the hope that he 
would have a very successful period of office. 

VOTE OF THANKS TO RETIRING PRESIDENT 

The new President (Mr. A. H. Ingen-Housz) proposed 
a vote of thanks to Dr. Burton; he spoke of his great 
service to the Institute and the industry, and mentioned 
that Dr. Burton had been awarded the Institute’s highest 
distinction, the Bessemer Gold Medal, in 1952. He 
expressed the hope that the Council would be able to 
continue to draw upon his advice and help as a Past- 
President. The vote was seconded by Baron Walckenaer 
(Vice-President), and carried with acclamation. 


PRESIDENTIAL ADDRESS 


The President then delivered his Presidential Address, 
entitled ‘‘ The Birth of an Industry,” which was published 
in the June, 1957, issue of the Journal (pp. 153-166). 

A vote of thanks to the President for his address was 
proposed by Mr. W. Barr, 0.8.E. (Honorary Treasurer) 
and seconded by Sir Charles Bruce Gardner, pr. (Past- 
President); it was carried with acclamation. 


TECHNICAL SESSIONS 


A number of papers were presented at technical sessions 
on Wednesday and Thursday, 22nd and 23rd May; full 
details are given on p. 553 of the April issue of the Journal. 
Reports of the discussions will be published later in the 
year. 

DINNER FOR MEMBERS 


The annual Dinner for Members was held at Grosvenor 
House, Park Lane, London, W.1, on the evening of 
Wednesday, 22nd May, and was attended by about 1350 
Members and guests. The toast of the Institute and 
Industry was proposed by the Rt. Hon. the Earl of 
Halsbury, and the President, Mr. A. H. Ingen-Housz, 
replied. The health of the guests was proposed by the 
Hon. R. G. Lyttelton (Past-President), and the Nether- 
lands Ambassador, H.E. Dr. D. U. Stikker, replied. 
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PAPERS AND REPORTS ON 
RESEARCH AND PRACTICE 


Plant Operation - Research 





The Liquidus and High-temperature 


Properties of Blast-furnace Slags 


By B. G. Baldwin, B.Sc., Ph.D., A.R.I.C., D.I.C. 


Introduction 


RANKIN AND WRIGHT?! began the scientific study 
of blast-furnace slag in the U.S.A. in 1915, and work 
was continued by Field and Royster,? and by McCaf- 
fery and his associates. In 1936 Colclough* discussed 
the practical implications of the previous work and 
indicated how blast-furnace slag composition could be 
adjusted to increase the efficiency of the process as a 
whole. Since the publication of this paper a large 
amount of work has been carried out on the CaO- 
MgO-Al,0,-SiO, system, which composes over 95% 
of blast-furnace slags. 

In 1954 Osborn, DeVries, Gee, and Kraner® sum- 
marized the results of liquidus measurements in the 
oxide system. They constructed a series of triangular 
diagrams showing the liquidus temperatures of CaO- 
MgO-SiO, mixtures having a constant Al,O, content. 
From the diagrams they deduced the optimum slag 
compositions for alumina proportions from 0 to 35% at 
5% intervals, based on maximum desulphurizing 
power and a liquidus temperature of 1500° C. These 
diagrams are of considerable assistance to blast- 
furnace operators who are required to produce pig 
iron of low sulphur content from raw materials which 
have a progressively greater sulphur content. As 
certain assumptions of the infiuence of other con- 
stituents of the slag were made, it was felt essential 
to check their validity. Thus the present work was 
carried out to determine the differences between actual 
and predicted liquidus temperatures of blast-furnace 
slags, to increase the confidence of operators in the 
use of the diagrams in deciding the composition of 
slags. 
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SYNOPSIS 


The results of the measurements of the liquidus temperature of 
over 150 blast-furnace slags are described, showing that the actual 
the temperatures are close to those predicted on the assumption of 
the slag being composed wholly of CaO, MgO, Al,0,, and SiO,. The 
experimental technique permits the direct observation of crystal 
growth and movement in the molten slag at temperatures up to 
1750° C, and leads to conclusions regarding the relation of viscosity 
to the behaviour of the slag around the liquidus. These conclusions 
were checked with viscosity measurements on blast-furnace slags. 
The relationship between temperature and viscosity, and the 
application of the technique to problems of slag utilization, are also 
discussed. 1412 


MEASUREMENT OF LIQUIDUS TEMPERATURES 


The classical quench method of measuring liquidus 
temperatures is very tedious and each liquidus tem- 
perature can take several days to obtain.* The publi- 
cation of a simple method by Welch,’ based on a 
principle first described by Ordway® offered a quick, 
accurate technique which could be applied to blast- 
furnace slags. Tests with Welch’s equipment were 
promising and similar equipment was constructed. 
As no widespread use of the technique has followed 
the publication of the original paper, and since the 
technique is applicable to iron- and _ steel-making 
research and practice, a fairly detailed description of 
the equipment is given. 





Paper IM/B/7/57 of the Blast-furnace Process Com- 
mittee of the Ironmaking Division of the British Iron 
and Steel Research Association received on the 7th 
March, 1957. The views expressed are the author’s, 
and are not necessarily endorsed by the Committee as 
a body. 

Dr. Baldwin is now with the Steel Company of Wales, 
Ltd. This work was done in the Blast-furnace Labor- 
atory, Imperial College. 
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BALDWIN: PROPERTIES OF BLAST-FURNACE SLAGS 
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C High-speed relay, 50c/s ; 


20% Rh.Pt 
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A Potentiometer; B Power supply ; 
D Slag droplet; E Microscope 


Fig. 1—Schematic diagram of apparatus 


CONSTRUCTION OF APPARATUS 


The slag is held by capillarity at the junction of a 
5% Rh—-Pt/20% Rh-Pt thermocouple in a gas-tight 
cell, connected to a high-speed relay which enables 
it to be joined either to a potentiometer or to a power 
supply. By this means, it is possible to heat the couple 
(and hence the slag), and read its temperature at vir- 
tually the same instant. The electrical circuit used 
was identical to that described by Welch, and the 
basic circuit is shown in Fig. 1. Some trouble was 
given by the development of a spurious e.m.f. in the 
temperature-measuring circuit. This was overcome by 
rewiring the connection to the high-speed relay so that 
coupling between the wires was minimized. Figure 
2 shows the gastight cell, somewhat different in design 
from Welch’s. The cell is fitted on the stage of a 
simple low-powered microscope (x 25-50) through 
which the slag droplet is viewed. The microscope has 
an analyser and a cap polarizer so that crystals can 
be seen in polarized light. The two cell windows, 
normally microscope cover slides, and the thermo- 
couple holder are held in place by O-rings. Vacuum 
connectors are used for the gas inlet and outlet. 





Fig. 2—Cell and thermocouple holder 
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Fig. 3—Bare thermocouple x 100 


Thick windows of heat-resisting glass can be fitted 
to use the cell under vacuum or pressure conditions 
if required. 

The thermocouple holder is made of two pieces of 
Perspex joined with Araldite D. Trials showed that 
the best shape for the thermocouple is as in Fig. 3, 
where the junction between the wires is about the 
same thickness as the wires themselves. This shape 
is obtained by trimming the bead, resulting from 
welding, with a specially designed cutter or with a 
pair of scissors. It is important that the gap between 
the wires should be roughly 0-005 in.; too large a 
gap reduces the junction temperature to a value con- 
siderably below that of the wires and leads to diffi- 
culties in observing crystals and inaccurate liquidus 
temperatures. 


STANDARDIZATION OF APPARATUS 


Before studying blast-furnace slags, experience was 
gained with the use of pure materials from the CaO- 
MgO-AI,0,-SiO, system with internationally accepted 
melting points. After mastering the technique it was 
found very straightforward to measure the melting 
point of pseudo-wollastonite to within -+- 1° C of its 
accepted value (1544°C). A recent publication by 
Welch® shows the excellent agreement between hot- 
wire, classical quench, and thermal analysis methods 
of liquidus measurements in the oxide system. 

Blast-furnace slags contain FeO and MnO and it 
was thought that these might contaminate the 
thermocouple junction and give rise to errors in the 
temperature measurements. To check this, slag was 
heated on the thermocouple for several hours, but no 
change was found in the liquidus temperature during 
this period. A subsequent redetermination of the 
melting point of a standard substance showed that 
no such contamination had occurred. A new junction, 
however, was used for each determination as it was 
easier to make a junction than to clean it. 
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Further evidence of the accuracy of the hot-wire 
technique was obtained by the present author in con- 
junction with Welch, each using different instru- 
ments. Seven slags were examined under inert 
conditions and the results obtained are shown in 
the following table : 


Liquidus Liquidus 
Temp., ° C Temp., °C 
Slag (Welch) (Bald win) Primary Phase 
A 1476* 1520 Dicalcium silicate 
B 1585 1580 ‘ss re 
C 1707 1705 a aa 
D 1495 (1510T) 1515 ra Ss 
E 1495 1500 Periclase 
F 1385 1385 Melilite 
G 1468 1465 Merwinite 


* Liquidus temperature was higher than 1476° and 
close to 1520° C if held on the wire for 1 h. 

+ Slag was initially semi-opaque but became clear 
after heating to 1700°C. After heating to 1700°C 
liquidus temperature was 1510° C. 


Classical quenching experiments were also carried 
out in air by Welch on these samples. The com- 
parisons with the author’s results in air by the hot- 
wire method are given below : 


Liquidus Liquidus 
Temp., °C Temp., °C Primary Phase 
Slag (Quench) (Hot wire) (Quench) 
(Welch) (Baldwin) 
A 1515 1510 Dicalcium silicate 
B* 1621 1585 * a 
C 1732 1728 a 
D 1494 1492 Melilitet 
E 1557 1560 Periclase 
F 1395 1390 Melilite 
G 1454 1460 Merwinite 


* The disagreement between the quench and the 
hot-wire measurements is at present being studied. 

+ Melilite was the primary phase with dicalcium 
silicate appearing as a very close second phase. 


The agreement between liquidus measurements by 
two workers on different hot-wire instruments, and 
between results obtained by the hot-wire and quench 
methods, is very good; the liquidus and quench results 
have a probable accuracy of + 5° C. The quench ex- 
periments required about eight full working days, and 
would have taken longer without some foreknowledge 
of the temperatures to be expected. The hot-wire 
measurements in nitrogen occupied only one day. 

It is recommended that all liquidus measurements 
on blast-furnace slags be made in non-oxidizing con- 
ditions since slags contain substances, e.g. FeO and 
MnO, which oxidize in air, changing the composition 
and liquidus temperature. 


EXPERIMENTAL PROCEDURE 


The measurements on blast-furnace slags were made 
in dry, oxygen-free nitrogen. This precludes the 
oxidation or reduction of the iron and manganese in 
the slag but does not prevent the loss of most of the 
sulphur present. Blast-furnace slags were usually 
transparent in nitrogen; only two cases of slags being 
completely opaque at the liquidus point have been 
encountered. Examples of crystals present in liquid 
slag are shown in Figs. 4, 5, 6, and 7. Observations 
were mostly made in ordinary light, but since pro- 
vision was made for viewing in polarized light, the 
distinction between isotropic and anisotropic materials 
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could be observed. Owing to the variable thickness 
of the crystals produced (0-1-0-001 mm), the polariz- 
ing colours differ greatly from those normally en- 
countered in classical thin-section mineralogy where 
a standard specimen thickness of about 0-03 mm is 
maintained. 

In addition to the measurement of the slag liquidus 
temperature, a number of additional observations 
were made, the standard procedure for a run being as 
follows: 

(i) Moisten clean junction and dip into finely 
powdered slag (<i200 mesh) from which all metallic 
iron has been removed 

(ii) Place in cell, flush through with nitrogen, and 
heat at about 100° C for 5 min 
Raise the temperature and note the following: 
(a) temperature of incipient melting of grain 

edges 

(6) temperature at which grains begin to coalesce 
at the junction 
(iv) After complete melting the temperature is lowered 
and raised until a small crystal (considerably 
smaller than those in Figs. 4-7) is in equilibrium 
with the liquid. This temperature is taken as the 
liquidus temperature 
After measurement of the liquidus point, the tem- 
perature is lowered by 5° C and the rate of crystal 
growth noted. The temperature is then raised to 
5°C above the liquidus point and the rate of dis- 
appearance of the crystal noted. Observations of 
the movement of crystals in the liquid and the 
optical properties of the primary phase are also 
made 
(vi) The specimen is quenched from the liquidus tem- 
perature by switching off the power and the rate 
of crystal growth noted. 


RESULTS OBTAINED 
Slag Melting Phenomena 
Over 150 slags of varying composition, representa- 
tive of those produced in the U.K., were examined. 
It is not possible to give all the results obtained but 
Table I shows those for 20 samples which cover the 
range of compositions studied. The diagrams pro- 
duced by Osborn et al. made it possible to calculate 
the liquidus temperature of a slag on the assumption 
that it contains only the four oxides, CaO, MgO, 
Al,0O3, and SiO,; an electronic computer was used to 
carry out the calculations automatically. It was 
presumed that the remaining slag constituents, nor- 
mally not greater than 5% of total, would lower the 
liquidus by 50-100°C, but comparison of the 
measured liquidus temperature of the slags studied 
with the values obtained from the four-oxide diagram 
showed that the measured value lay, on average, 10° C 
lower than the calculated one. However, the standard 
deviation was 14°C, indicating that some actual 
liquidus temperatures were above those to be expected 
from their composition. Three reasons may be 
advanced to account for this: 
(i) The difficulties inherent in the chemical analysis 
of slags 
(ii) Errors of interpolation between two diagrams to 
obtain the liquidus temperature lying between the 
alumina levels studied by Osborn 
(iii) The drawing of smooth curves on the original 
diagrams which do not always fit exactly the 
actual liquidus measurements made. 
The important fact has been established, however, 
that the actual liquidus temperature of a blast-furnace 
slag is close to that predicted from the four-oxide 
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Table I 
HIGH-TEMPERATURE PROPERTIES OF BLAST-FURNACE SLAGS 
7 
Temp. | Rate of Rate of | 
of Growth | Melting ‘ | 
Basicity Calcu- | Measured) Liquid of o yo ang 
Slag | SiO,, | Al,O;, | CaO, | MgO, FeO, MnO, S, |(CaO+MgoO) lated Liquidus, Forma- Crystals Crystals‘); | Primary | 
No. % % % % % % % |(SiO, + Al,O,) Liquidus, Cc tion, for 5° C | for 5° C | Slag Phase 
| | , °C C’ | Drop in| Rise in 
| | | Temp. Temp. | 
L 
1 35:1 | 13-6 | 43°5 4:2) 0:2 0-6 1-98 0:98 1425 1410 1380 vs* vs M Melilite 
2 | 26-2| 29-0 | 39:0 | 3:7; 0-3 | 0-2 | 1-80 0:77 1525 1530 1420 Ss Ss S ” 
3+ | 30-4 | 26-1 | 35-5 6-4 0-4 0-3 #1-4 0-74 1470 1450 1330 VS VS VS ” | 
4 35-3 | 16:3 | 39-4 42 1-1 1:2 1-1 0-84 1425 1425 1340 vs Ss Ss ” | 
5 | 34-5 | 16-8 | 39-7 | 3:9) 1-7 1-3 | 1-2 0-85 1435 1410 1360 vs Ss Ss ee 
6 | 33-8} 16:3 | 41:5 | 4:3) 0-5 0:6 1-6 0-91 1450 1470 1370 vs R Ss ” 
7+ | 34-1 18:7 40-6 3-4 0-7 oe 0-97 0-83 1460 1445 1340 S R Ss ” 
8+ | 33-4 | 13-5 | 45-2 3:4 0:5 0-4 Sus 1-04 1470 1480 1410 M M R Dicalcium | 
Silicate | 
9t | 32-2 | 15-2 | 45-1 3:5 | 0:8 1:3 as 1-02 1500 1500 1440 R R R mm } 
10 33-2 | 16-0 | 38:2 7:4, 0-4 1:9 | 1-2 0-93 1430 1410 1390 vs Ss S Melilite 
il 36-7 | 15-1 40:7 46'05 08 0-9 0-87 1410 1395 1330 S Ss Ss a 
12 | 30:8 | 19-5 | 43-8 | 46) 0-1 0-5 1:6 0-96 1510 1530 1480 Ss Ss Ss re 
13 | 13-0 | 37-8 | 44:0 0-7 Re ene - 0-88 1510 1520 1430 M vs vs Dicalcium | 
silicate | 
14+ | 17:0 | 35:6 | 44-8 0-6 0-86 1530 1515 1470 M M Ss Merwinite | 
15 | 18-3 | 34:8 | 46:7 | 0:8 0: 1520 1550 1420 Ss M M Dicalcium | 
| | silicate | 
16 | 31-7 | 12:2 | 30-4 | 20-4 0-4 | 0-7 | 2:2 1-16 1520 1500 1390 Ss Ss R Periclase | 
17¢ | 36:0 | 15-2 | 38-5 | 5-1 1-0 0:7 0-79 0-89 1400 1390 1270 S R S Melilite 
18 32-1 18-3 | 36:0 | 8-7 0-4 1-4 2:0 0-89 1420 1435 1410 M Ss vs we 
19 33-7 | 22-7 | 32:5 7:73) 1-3 0-9 | 1-8 0-70 1405 1385 1340 M S VS ” | 
20+ | 29-7 | 14-8 | 41-6 | 11-9 | 0-3 0:8 1-4 1-20 1470 1460 1410 R R VR Merwinite | 
| 
VS = very slow. S = slow. M = medium. R = rapid. YR = very rapid. 


* 
+ = Viscosity measured. 


composition of the slag. It is evident that the dia- 
grams can be used with confidence for the selection 
of blast-furnace slag compositions. 

There were considerable differences in the behaviour 
of slags around the liquidus point. With some slags, 
a very slight (3°C) change in temperature caused 
almost immediate crystal growth or complete melting. 
With others no noticeable effect was observed until 
several minutes had elapsed. This is due to variations 
in the liquidus-solidus temperature difference and 
the tendency of the slag to supercool. All the 
slags examined quenched to a glass from a temperature 
a few degrees above the liquidus, and no difficulty 


was encountered in recrystallizing the slag on sub- 
sequent heating. This is in contrast to experience with 
pure materials, which often required annealing at 
1000° C for several minutes before crystal formation 
in the glass could be induced. Crystal growth on 
quenching from a temperature below the liquidus was 
usually extremely small, but with some slags (usually 
the more basic) extensive crystal growth occurred. 
Crystal growth was dependent on the rate of cooling 
from below the liquidus. With slow cooling the 
growth took place on the original crystal; with rapid 
cooling numerous small crystals were formed. This 
behaviour can explain the differences observed in 





Fig. 4—Melilite at 1405°C x 100 
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Fig. 5—Dicalcium silicate at 1505°C 


JOURNAL OF THE IRON AND STEEL INSTITUTE 











Fig. 6—Merwinite in polarized light at 1490°C x 100 


repeated viscosity measurements on slags. The repro- 
ducibility above the liquidus is usually excellent but 
below, it is often not so good (Kozakevitch!®). 

The temperature at which the slag ran down the 
wire and began to coalesce at the junction was 
measured. The results show that this is on average 
95° C below the liquidus temperature with a standard 
deviation of 45° C. 

Primary-phase Composition 

Melilite, a solid solution of gehlenite 2CaO.Al,O3. 
SiO,, and akermanite 2CaO.MgO.2SiO,, was the 
primary phase present in most of the slags examined. 
Dicalcium silicate, 2CaO.SiO,, and merwinite, 3CaO. 
Mg0O.2Si0,, were also present in some slags of extreme 
composition. Melilite could be easily recognized by 
the tablet-shaped crystals (Fig. 4). Dicalcium silicate 
and merwinite both occurred initially as agglomerates 
of lozenge-shaped particles which on careful heating 
and cooling became dendritic with slightly rounded 
corners (Figs. 5, 6). Dicalecium silicate resembled 
merwinite but its presence was readily confirmed by 
observing the a-a’ transformation. In the pure 
mineral this takes place at 1420°C but in the slags 
examined it occurred around 1350° C. On raising the 
temperature above 1300° C and observing the crystals 
under crossed nicols, a noticeable reduction in the 
birefringence takes place at the transformation tem- 
perature. On raising the temperature further, the 
birefringence increases and by changing the tempera- 
ture up and down around the transformation point an 
unmistakable darkening and lightening of the crystal 
takes place. Periclase was present in only one slag 
(No. 16, Table I, Fig. 7). This was due to the very 
high magnesia content and can be considered ab- 
normal. 


Practical Implications 


For the derivation of optimum slag compositions 
Osborn et al. based their calculations on an average 
blast-furnace slag temperature of 1500°C. Recent 
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measurements made at a number of furnaces in the 
U.K. operating different practices indicate that 
though the mean slag temperature is around 1500° C, 
the periodical fluctuations in temperature are con- 
siderable. The mean flushing slag temperatures 
obtained at a number of works are shown below : 


Hearth Time of Slag Standard 

Dia., Measurement, Temp., Deviation, 
Furnace Practice ft weeks Cc ; 
A Hematite 154 I 1520 40 
B Ferro- 114 2 1495 40 

manganese 

C_ Basic 214 3 1520 35 
D Foundry 16 3 1510 25 
E_ Basic 29} 5 1500 25 


The liquidus measurements show that the actual 
slag liquidus is close to that predicted from its four- 
oxide composition. The periodical fluctuations which 
occur in practice therefore seem to render it 
advisable to select slags having a calculated liquidus 
temperature of 1450°C rather than 1500°C if it is 
intended always to operate with slags containing no 
crystals. If 1450°C is selected as the temperature, 
the optimum slag compositions suggested by Osborn 
et al. must be modified. 


Relation cf Liquidus Temperature and Viscosity for 
Blast-furnace Slags 

The viscosity of slags in the CaOQ-MgO-AI,0,-Si0, 
system is dependent on the degree of polymerization 
of the silicates present. Melts, glasses, and crystals 
all have essentially the same structure. The precise 
nature of this structure has been studied by many 
workers!” and it is evident that two- and _ three- 
dimensional networks exist, composed of silicon, 
aluminium and oxygen, the main structural element 
being the SiO, tetrahedron. Basic oxides (e.g. CaO, 
MgO) break up the networks in the melt and, as their 
amounts increase, so the size of the networks de- 
creases, and the viscosity of the liquid slag is lowered. 
For slags with the composition range used in the 





Fig. 7—Periclase at 1485°C x 100 
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Fig. 8—Relation of temperature to viscosity of seven blast-furnace slags 


blast-furnace, the higher the basicity the lower the 
viscosity of the slag at temperatures above the 
liquidus. 

The classical measurements of the viscosity 
of blast-furnace slag were made by McCaffery*® and 
Sokolski.13 More recent work by Machin et al.!4 and 
by Kozakevitch! 15 have shown that in many cases 


the earlier work was inaccurate and the results of 


Machin and Kozakevitch are to be preferred. Kozake- 
vitch and Urbain!® have recently reviewed in detail 
the published data. There is a serious lack of data 
on the viscosity of British blast-furnace slags. <A 
number of measurements were carried out at the 
request of the author by Kozakevitch’” of IRSID 
and the results obtained are shown in Fig. 8. The 
samples chosen were selected from those whose high- 
temperature properties have been measured and are 
shown in Table I. The temperature of ‘ extensive 
crystallization ’ is that at which the sample is almost 
completely solid and the viscosity, in consequence, 
extremely high. From these results, the following can 
be observed: 


(i 


~~ 


The higher the basicity, as measured by CaO 4 
MgO/AI,0, +- SiO, ratio, the lower the viscosity 
above the liquidus (see also Fig. 9) 

(ii) The viscosity increases with decreasing tempera- 
ture; for many slags this increase becomes very 
rapid when the temperature falls below the 
liquidus point 

(iii) At high temperatures the difference in viscosity 

between slags of different basicity becomes less 

than at low temperatures 

The variation in viscosity with temperature above 

the liquidus is greatest for slags of low basicity 

Considerable differences in slag viscosity exist 

between different blast-furnace practices. 

These viscosity measurements generally confirm the 
basic assumption of Osborn that, to be free flowing, 
the slag should be above its liquidus temperature in 


(iv 


ws Na 


(Vv 
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the blast-furnace, but some slags do not become very 
viscous until well below the liquidus temperature. 
Slag 8 is an example of this and may be compared 
with No. 20 which has a similar basicity. These 
differences in behaviour are probably due to dif- 
ferences between the solidus and liquidus tempera- 
tures. Present knowledge of the CaO—-MgO-AlI,O,- 
SiO, system is insufficient to enable the prediction 
of the value of this temperature difference. 
However, even if the viscosity of the slag does not 
increase rapidly at temperatures below the liquidus, 
crystal formation will occur. When crystals are 
formed the composition of the liquid changes. Mer- 
winite, dicalcium silicate, and the majority of the 
melilite solid solutions are more basic than normal 
blast-furnace slags, hence their formation results in 
a more acid liquid having a lesser power to retain 
sulphur. Since the crystals separating out contain 
little, if any, sulphur, a smaller amount of liquid slag 
with a reduced desulphurizing potential remains to 
retain sulphur. Hence the desulphurizing efficiency 
falls. 

The direct observation of the movement of crystals 
in the slags around the liquidus point agrees well with 
the viscosity determinations. In slags having a high 
basicity the movement of crystals is very rapid and 
at times very diverting to watch. Conversely, with 
slags having a low basicity the crystal movement is 
very slow or negligible. By direct observation of a 
slag in the liquidus apparatus it is possible to group 
it into one of three classes, those having viscosities 
(a) 1-5-3-0, (6) 3-5, and (c) above 5 poises in the 
working range 1450-1550° C. =‘ This is an important 
use of the liquidus technique. 

The relationship shown in Fig. 9 between the slag 
basicity and viscosity at 1500° C is in agreement with 
the measurements of Machin et al. who showed that 
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Fig. 9—Relation of basicity to viscosity at 1500° C of all 
slags in Fig. 8 





the viscosity decreased regularly with increasing 
basicity and that the weight percent of SiO, and of 
Al,O,, over the range studied, has approximately the 
same influence on viscosity. For example, the viscosity 
results obtained for slags 14 and 17 are very similar 
above the liquidus. These slags, as can be seen from 
Table I, have very different compositions, one having 
35-6% and the other 15-2% Al,O;, yet as their 
basicity ratios are similar (0-86 and 0-89), their 
viscosities above the liquidus temperature are of the 
same order. 

During a recent blast-furnace trial (Burgess and 
Baldwin!*) in which the relationship between slag 
composition and metal properties was studied, samples 
of slag and temperatures were taken at every cast 
and flush for a period of three weeks. The liquidus 
temperatures of a number of the slag samples have 
been measured and the results obtained are shown 
below. Roughing and corresponding flushing slags 
were found to have the same liquidus temperature. 


Metal Roughing Flushing Measured 
Temp., Slag Temp., Slag Temp., Liquidus, 
& 64 c Cc ° 6] ° Cc 
Mean 1425 1435 1520 1410 
Standard 24 38 33 31 


deviation 


The mean liquidus temperature of the slag was 
found to be about 100° C less than the mean flushing 
slag temperature. The roughing slag which first 
appears during a cast is very viscous and it is not 
usual for this slag to flow freely until later. During 
the trial, the first measurement of roughing slag tem- 
perature was made when the slag began to flow freely 
over the skimmer and down the slag runner. When the 
liquidus temperature of slags from individual casts 
was compared with this first roughing slag tempera- 
ture, it was found that the slag temperature was, on 
average, only 15°C above the liquidus. This is in 
good agreement with the concept that slag viscosity 
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increases below the liquidus point, and provides a 
practical confirmation of the assumption of Osborn® 
that blast-furnace slags are free-flowing above the 
liquidus and viscous at temperatures below. 


Application of Liquidus Measurements to the Utilization 
of Blast-furnace Slags 


Blast-furnace Cement—The use of liquidus measure- 
ments to assist in the selection of slag compositions 
for maximum removal of sulphur is an accepted 
principle. However, another important application 
concerns the utilization of blast furnace slag as 
cement. Much work on the use of slag cements has 
been published, and Keil!® has reviewed this work. 
It is evident that blast-furnace slags with an alumina 
content of at least 12% are suitable for cement, 
provided that the slag after quenching remains a glass. 
Tests on blast-furnace slags in the liquidus apparatus 
have shown that all the slags studied, when cooled 
rapidly from a liquid just above the liquidus tempera- 
ture, quenched to a glass. Hence if the commercial 
quenching equipment is satisfactory, no difficulty 
should be found in obtaining blast furnace slags with 
good hydraulic properties, provided no crystals are 
present in the liquid slag before it enters the quenching 
plant, i.e. the slag temperature must be above the 
liquidus temperature. Recent Russian work by 
Toporov and Volkomski,”° and Volchek*! suggest that 
with high-alumina slags (i.e. 30-50% Al,O,), it is 
necessary to have crystals present in the slag after 
quenching, to obtain hydraulic properties. Here it 
would seem necessary for the slag to be at a tem- 
perature below that of the liquidus before it enters 
the quenching equipment. 

Results obtained during a recent blast-furnace 
trial!® indicate that flushing slag temperatures were 
100-150° C higher than the liquidus temperature. 
Such slags would quench to a glass without crystal- 
lization. Roughing slag temperatures were only 
20-50° C higher than the liquidus temperature so 
roughing slag would seem less suitable for cement 
manufacture. In practice, it is not uncommon when 
flushing slag to obtain a poor flow of slag from the 
furnace due to a partly blocked notch. Measure- 
ments recently made!’® indicate that the temperatures 
of the slag at such times, as measured some 12 ft 
down the slag runner, were corsiderably lower (50- 
100° C) than those a few minutes: later when the notch 
was cleared. This lower temperature could cause 
crystals to separate out in the slag before it entered 
the quenching plant. 

If the temperature of slags entering quenching 
plants were measured and samples taken for liquidus 
temperature determination, it would be possible to 
explain variations in their hydraulic properties due 
to the presence of crystals in the slags before entering 
the quenching plant. 


Blast-furnace Aggregate—It is essential that dical- 
cium silicate should be absent from slags which are used 
for aggregate. This is due to the breakdown of slag 
which occurs in the 8 > y transformation of dicalcium 
silicate, accompanied by a 10% increase in volume. 
This expansion usually shatters the material and is 
called dusting or falling. 
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There are recognized standards for selecting slags 
which will be free from dusting and these are based 
on knowledge of the chemical analysis of the slag. 
It is suggested that the liquidus technique can give 
valuable preliminary evidence on the suitability of a 
slag for aggregate before a complete chemical analysis 
is available. As has already been mentioned, dicalcium 
silicate can be easily identified on the hot wire and 
the identification made within minutes of obtaining 
the sample. If identification of the primary phase 
and a rough idea of the basicity (from crystal move- 
ment) are of sufficient interest, temperature measure- 
ment can be dispensed with and very simple equip- 
ment used. A specimen-holder is made from a single 
piece of wire bent to a shape similar to that shown 
in Fig. 3. This is connected directly to a variable 
source of low voltage, either d.c. or a.c., no high 
speed relay being used. 


CONCLUSIONS 


(1) The results obtained with the liquidus apparatus 
show how it can be of considerable assistance in the 
study of the high-temperature properties of blast- 
furnace slags. 

(2) The important fact has been established that 
the actual liquidus temperature of a blast-furnace 
slag is close to that predicted from the four-oxide 
composition of the slag. It is evident that the diagrams 
published by Osborn, DeVries, Gee, and Kraner® can 
be used with confidence for the selection of blast- 
furnace slag compositions. 
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(3) Measurements of slag temperature at five plants 
in the U.K. suggest that, though the mean temperature 
is close to 1500°C, the periodical fluctuations in 
temperature which occur in practice render it advis- 
able to select slags having a calculated liquidus tem- 
perature of 1450° C, unless direct liquidus and viscosity 
data are available. 

(4) The results of viscosity measurements in con- 
junction with liquidus determinations confirm that 
the slags are free-flowing above the liquidus tempera- 
ture. The viscosity of the slag above the liquidus is 
determined by the basicity as measured by the 
CaO + MgO/Al,O, + SiO, ratio and is least for slags 
of high basicity. 

(5) Observations of the behaviour of slags at high 
temperatures enable: 

(a) An approximate idea of the viscosity to be obtained 

(6) The determination of the nature of the primary 

phase crystallizing out of the melt 

(c) Certain deductions to be drawn concerning the 

suitability of the slag for cement manufacture or 
for use as an aggregate. 
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Heat Flow in Ingot Hot-tops 


By G. Fenton, B.Sc., A.I.M. 


Introduction 
THE PIPING OF KILLED STEEL ingots has 
received a great deal of attention from practical 
and research metallurgists for many years. The 
volume of the shrinkage cavity or pipe, depending 
to some extent on the type of steel and the teeming 
conditions, is only about 3-34°% of the total volume; 
yet if an ingot were teemed without any form of 
hot-topping,* the pipe cavity could extend, by virtue 
of its long narrow shape, as much as halfway down 
the ingot. For any given cast weight, hot-topping 
can have no effect on the amount of shrinkage; the 
object of using a hot-top is, in fact, to control the 
position and shape of the cavity and thereby minimize 
its depth. This in turn minimizes the amount of top 
crop which must be discarded from every killed steel 
ingot. 

Hot-topping practices vary considerably through- 
out the industry, but it is reasonable to take as typical 
practice one which uses a firebrick hot-top with a 
teemed volume of 15-16% of the total volume. After 
the shrinkage has taken place, this necessitates a 
top discard of the order of 12%. Although this 
is obviously a great improvement on a killed steel 
ingot without a hot-top, the fact that it must contain 
15-16% of liquid metal in order to provide only 
3-34% to the ingot means that this typical hot-top 
can be regarded as only 20% efficient. This seems to 
offer much scope for improvement. 

The hot-top is essentially a heat-retaining system 
and its efficiency is dependent on the rate at which 
it allows the liquid steel to lose heat. It is, therefore, 
rather surprising that so little of the effort devoted 
to feeder-head research has been given to studying 
the heat-flow conditions in a steel ingot hot-top 
during the process of solidification. A study of the 
literature has, in fact, revealed only two investigations 
which give any quantitative assessment of these 
conditions. 

From a temperature survey in fireclay hot-tops, 
Mueller and Bole! state that the heat loss from the 
steel in the ingot head, exclusive of that lost to the 
ingot, can be divided as follows: 15% conducted 
through the refractory; 60° retained by the refrac- 


tory; and 25° from the top surface. No details are 
J? /O 





*In this paper the term ‘ hot-top’ refers to the 
container, usually refractory-lined, located at the top 
of the mould for the purpose of controlling the pipe 
cavity. The steel contained in the hot-top and integral 
with the ingot is referred to as the ‘ feeder head,’ or 
simply ‘ head.’ 
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SYNOPSIS 

A study has been made at B.I.S.R.A. Laboratories in Sheffield 
of heat flow in the hot-tops of 9-in. square ingots, and heat balances 
over the full period of solidification have been obtained with a 
* standard ” firebrick hot-top and an insulating-brick hot-top. The 
heat capacity of the refractory is shown to account for the greatest 
proportion of the heat lost by the steel in the feeder head, but heat 
losses from the top surface and to the ingot can also assume sig- 
nificant proportions and should not be overlooked when consider- 
ing the improvement of hot-top efficiency. General recommenda- 
tions are made, based on the results of the heat balances and of 
other related experiments. 1396 


given, however, of hot-top dimensions or of the period 
of time to which these figures refer. Howson and 
Glaisher (reported by the former?) took spot readings 
in the ‘compo’ hot-top of a 35-ewt ingot and con- 
cluded that, of the total heat entering the refractory 
during the solidification period of 40 min, 85°% was 
retained and only 15° conducted through. Both 
investigations, therefore, bring out the important 
point that the heat retained by the refractory is 
considerably greater than the heat conducted through 
it; in other words, it is the thermal capacity of the 
refractory, rather than its conductivity, which is 
the most important factor. 

The work referred to above gives information which 
is important but by no means as complete as is 
desirable. For instance, there is no indication of 
the extent to which the above percentages vary 
during the course of solidification, nor has the heat 
loss to the ingot and mould been measured to deter- 
mine whether or not it attains significant proportions. 
The research described in this paper was designed to 
give a more complete picture of heat flow in a hot-top 
by obtaining heat balances over the full period of 
solidification of the ingot and feeder head. The 
experiments were carried out at the B.I.S.R.A. 
Laboratories in Sheffield, and from the information 
obtained from the heat balances and other related 
experiments, some general recommendations for 
improving hot-top thermal efficiency are made. It 
is felt that most of them will be applicable to any size 
of ingot, but it must be pointed out that they are 
based on measurements taken on relatively small 
ingots, and therefore their successful application may 
be less certain as the ingot size increases. 





Paper SM/B/151/56 of the Ingots Committee of the 
Steelmaking Division of the British Iron and Steel 
Research Association, first received on 3rd January, 
1957, and in its final form on 16th May, 1957. The 
views expressed are the author’s, and are not necessarily 
endorsed by the Committee as a body. Mr. Fenton is 
with the Association’s Steelmaking Division. 
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Brief mention is made in this report of results 
obtained in some of the works trials carried out in 
co-operation with B.1.S.R.A. These trials will be 
dealt with in greater detail in a report by Marr, Fen- 
ton, and Glaisher to be published in the October issue 
of the Journal. 


EXPERIMENTAL METHOD 
Casting Details 


In all hot-topping trials at the B.I.S.R.A. Labora- 
tories, steel is provided by a 10-cwt arc furnace. It 
has become standard practice in these trials to use 
an ingot which, complete with 15°% head, weighs 
5 cwt; thus two ingots can be cast from the same 
heat for direct comparison. Plug-bottom moulds 
are used, wide end uppermost, and the ingot dimen- 
sions are 9-in. square top, 8}-in. square bottom and 
27 in. long. The solidification time is about 20 min. 
Comparisons between ingots from different heats 
are also made as accurate as possible by standard- 
izing tapping and teeming conditions and steel com- 
position. The steel used is a silicon-killed plain 
carbon steel (0-40-0-45%) tapped at 1600° C into a 
preheated ladle; temperature losses are such that this 
gives a teeming temperature of 1520-1530°C. The 
ingots are top-teemed with a rate of rise of about 
] in./s, and in general the moulds and hot-tops are 
used cold. 

In order that the results could be directly related 
to other hot-topping trials, the present experiments 
were also carried out under the above standard con- 
ditions. The first requirement was to produce a 
heat balance for a ‘typical’ firebrick hot-top, cast 
to 15% by volume; and following this, in view of the 
indications given by Mueller and Bole! and by How- 
son and Glaisher?, to repeat the experiment with a 
hot-top made from a material of lower thermal 
capacity. 

The material used in the second case was a high- 
temperature insulating brick of a type which had 
been tested many times in B.I.S.R.A. trials, both 
laboratory and works, and was found to stand up 
to the conditions quite well on the smaller sizes of 
ingots. It is recommended by the makers for hot- 
face use up to 1350° C, but is not intended primarily 
as a hot-topping brick. It is made from a base 
material similar to firebrick and has better insulating 
properties only because of its higher porosity; thus 
the firebrick and insulating brick may be assumed to 
have the same specific heat (per unit weight) so that 
their heat capacities are in the same ratio as their 
apparent densities, which is about 24:1. The main 
properties of the two types of brick are compared in 
Table I. 

To facilitate direct comparison, the two hot-tops 
were made identical in size and shape. In each 
case, 1}-in. tiles were cut to shape to give a truncated 
pyramid form with inner dimensions 5-in. square top, 
74-in. square bottom, and 9 in. high. Filled to the 
8-in. level, they had a teemed volume of 15-1% of 
the total volume. They were used without any form 
of headbox, being simply cemented together and to 
the top of the mould and further secured with tie- 
wires. Immediately after teeming, a l-in. layer of 
vermiculite was added to the top surface in each case. 
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Table I 


COMPARISON OF PROPERTIES OF INSULATING 
BRICK AND FIREBRICK 








Insulating Brick Firebrick 
Apparent porosity 65°, 25-30%, 
Apparent density 0-9 g/cm? 1.9-2-1 g/cm? 
Cold crushing 
strength 560 Ib/in? - 2000 Ib/in? 
Thermal 
conductivity 
500° C 0.0009 0.0021 
c.g.S. units c.g.s. units 
1000° C 0.0011 0.0028 
c.g.s units c.g.s. units 
Volume specific 
heat 0-500° C 0-198 cal/cm’ °C 0-459 cal/cm’ °C 
0-1000°C = s-0.- 227 cal/cm? °C 0-526 cal/cm* °C 











Methods of Heat-flow Measurement 


During solidification, the steel in the feeder head 
loses heat in three directions: upwards from the top 
surface to the atmosphere, downwards across the 
head/ingot interface to the ingot, and outwards to 
the refractory. This last category can be subdivided 
into the heat retained by the refractory and that 
conducted through it and lost from its cold face. 
The construction of a heat balance required that 
each of these heat losses be measured continuously 
over the solidification period, and also that the heat 
given up by the steel in the head at any particular 
time during this period be estimated. The methods 
adopted for measuring each of these factors are 
described below, and the physical properties used in 
the calculations are given in the Appendix. 

Heat Lost from Top Surface—This factor was esti- 
mated by means of a total-radiation pyrometer, 
sighted on the top surface immediately after teeming. 
Assuming the emissivity of the vermiculite granule 
surface to be unity, both radiant and convective 
heat losses could be calculated. 

An estimate of the heat content of the vermiculite 
was also included in this factor; this was very rough, 
but as the heat content of the vermiculite is only 
about 5% of the radiation and convection losses, an 
appreciable error could be tolerated without signifi- 
cantly altering the result. 

Heat Retained by the Refractory—A continuous 
record of temperature distribution in the refractory 
tile was obtained from fifteen thermocouples, inserted 
in the tile in five groups of three as shown in Fig. 1. 
In each group of three, the junctions were positioned 
near the hot face, at centre-thickness, and near the 
cold face respectively, and were supplemented by a 
surface pyrometer applied at regular intervals to 
the corresponding surface position. 

To simplify the calculations of heat content, the 
tile was assumed to be divided into a number of 
zones. From temperature/time and temperature 
distance graphs, the mean temperatures of the zones, 
and hence their heat contents, were estimated. 
Correct readings were ensured by inserting the thermo- 
couples parallel to the isotherms in the tile. 
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Fig. 1—Arrangement of thermocouples and pyrometers 
for heat-balance experiment 


Heat Conducted through the Refractory—In the 
absence of a headbox, the heat conducted through 
the refractory was lost from its cold face by radiation 
and convection directly to the atmosphere, and its 
magnitude was calculated from the surface pyrometer 
readings. It is shown later that a headbox would 
have had little effect on the overall picture. 

The top horizontal edges of the tile were also 
accounted for, but no allowance could be made for 
any heat transfer at the bottom horizontal edges of 
the tile, which were in contact with both mould and 
ingot. This would appear to be the only item not 
accounted for. 


Heat Transferred to the Ingot—Measurement of 
the heat conducted to the ingot entailed an estimation 
of the temperature gradient existing at the head/ 
ingot interface, which in turn required continuous 
temperature measurement in the solidifying steel. 
It was decided after preliminary trials that alumina 
sheaths were undesirable; they have the advantage 
of rigidity in continuous immersion, but also have the 
disadvantages of susceptibility to thermal shock and 
relatively slow response to temperature changes. In 
the method finally adopted (see Fig. 1), silica was used 
to sheath the thermocouples, its lack of rigidity in 
continuous immersion being overcome to a great 
extent by using open-ended tubes completely span- 
ning the feeder head or ingot, with one thermocouple 
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wire being led out from each end. The system was 
found to be quite reliable and no thermocouple 
failures were experienced; the thermocouples them- 
selves were recoverable after the experiment and 
checks showed that no significant change in calibra- 
tion had occurred. The tubes used in the head were 
3 mm o.d. and 2 mm i.d.; the longer tubes required 
to span the mould were available at the time only 
with a slightly larger bore, 5 mm o.d. and 3 mm i.d. 

As shown in Fig. 1, four thermocouples were used 
in the feeder head, and, vertically below them, four 
in the ingot, their junctions being respectively 1 in. 
above and 1 in. below the head/ingot interface. An 
indication of the vertical temperature gradient at 
four points on the interface was thus obtained, from 
which the heat conducted to the ingot was calculated. 
The tubes were located parallel to the measuring 
face and at l-in. intervals from the centre towards 
the outside; thus the outer tube in the head was ? in. 
from the refractory wall, and the corresponding tube 
in the ingot 14 in. from the mould wall. In plan 
view, the junctions in each set of four thermocouples 
were arranged to lie on a line joining the centre of 
the cross-section to a point midway between the 
corner and the face centre, the object being to strike 
a mean between corner and centre-face cooling 
effects. 

Whilst considering heat transfer across the head 
ingot interface, attention must be given to the possi- 
bility of convection currents in the liquid steel. 
When planning the experiment it was realized that 
it would be extremely difficult to assess this factor, 
but it was felt that the readings of the thermocouples 
in the liquid steel might give an idea of its importance. 
As discussed later, the indications were that any 
convective heat-transfer was of negligible proportions. 

The bodily transfer of liquid steel from the feeder 
head to the ingot to feed the shrinkage might also 
be regarded as a transfer of heat. No allowance is 
made for this on the ‘ measured heat losses’ side of 
the heat balance; instead, on the other side of the 
balance, the calculated heat given out by the steel 
in the feeder head is based on a continually decreas- 
ing volume of steel in the head during the course of 
solidification. 


Heat given out by the Steel in the Feeder Head—To 
complete the heat balance it was necessary to esti- 
mate the heat given out by the steel in the feeder 
head during solidification; this consisted of the super- 
heat of the liquid steel, the latent heat of the solidified 
steel, and the sensible heat of the steel on cooling 
after solidification. 

The readings of the thermocouples located in the 
steel in the head and ingot indicated the progress of 
solidification, which in turn enabled the quantity of 
steel remaining in the head at any particular time to 
be calculated. Working from this volume and from 
the readings of the head thermocouples, it was 
possible, with reasonable accuracy, to estimate the 
latent and sensible heat losses. 

The heat evolved by the dissipation of the superheat 
of the liquid steel was a straightforward calculation, 
simply requiring extrapolation of the time/temperature 
curves to zero time. As the time lag with the thin 
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Fig. 2—Mould with hot-top 


silica sheaths was only of the order of 10 s, this 
could be carried out with sufficient accuracy quite 
simply. 

The final experimental arrangement is shown 
diagrammatically in Fig. 1, and an illustration (not 
showing the total radiation pyrometer) is given 
in Fig. 2, with the surface pyrometer in the fore- 
ground. The 23 thermocouples used were connected 
to two 12-point recorders, and the surface and total- 
radiation pyrometers to a quick-reading potentio- 
meter. The thermocouple compensating leads, and 
particularly their connections to the thermocouple 
wires, were protected from radiation from the mould 
by lagging with asbestos filled with loose vermiculite; 
this protection is not shown in Fig. 2. 
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To conform with other B.I.S.R.A. hot-topping 
trials, the ingots were top-teemed. This necessitated 
teeming off-centre to avoid direct impingement on 
the silica tubes spanning the head and ingot. 


HEAT-BALANCE RESULTS 

Firebrick Hot-top 

The heat balance obtained on the ‘standard ’ 
firebrick hot-top is shown in graph form in Fig. 3, 
the curves on the left giving the measured heat losses 
and those on the right the heat given up by the steel 
in the head. The two ‘total heat’ curves show very 
good agreement. The solidification time of the ingot 
body was almost exactly 20 min, but the readings 
were extended to 30 min after teeming. 
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Fig. 3.—Heat balance of ‘ standard’ 15% firebrick hot-top with vermiculite addition 
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(b) Heat given up by steel: A, superheat; B, sensible 
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Fig. 4—Heat balance of 15% insulating-brick hot-top with vermiculite addition 


It is immediately obvious from the measured heat 
losses that the heat retained by the refractory, as 
shown by the previous workers, 2 is by far the most 
important factor. This is particularly so during the 
early stages when it accounts for practically all of 
the heat lost by the steel; and even over the full 20- 
min solidification period of the ingot, it accounts for 
75% of the total. In contrast to this, the heat con- 
ducted through the tile and lost from its interface 
is of negligible proportions for the first 10 min, 
although it assumes greater importance later and has 
accounted for 12% of the total after 20 min. The 
other two curves show even smaller losses, only 5% 
being lost from the vermiculite-covered top surface 
and 8% to the ingot at the end of the 20-min solidi- 
fication period. 

The thermocouple readings showed that the head 
was fully solid after 23} min. The readings, immedi- 
ately after teeming, very rapidly approached the 
liquidus temperature, and in fact the superheat was, 
to all practical purposes, completely dissipated within 
1} min. An interesting point was that at no time 
was any significant vertical temperature gradient in 
the liquid steel noted, which indicates that any heat 
transfer across the head/ingot interface in the liquid 
metal, whether by conduction or by convection, was 
negligible. Any measurable heat conduction across 
the interface occurred only to areas which were below 
the liquidus temperature, i.e. fully or partly solid. 

A further point of interest is that, during the first 
4 min, heat transfer across the interface was upwards, 
from the ingot to the head; it was, however, too small 
in magnitude to be shown in Fig. 3. It is explained 
by the relative positions of the freezing fronts in the 
head and ingot; that in the head starts } in. in 
advance of that in the ingot because of the ingot 
‘shoulder’, and heat transfer, is therefore, in the 
upward direction until about the time at which the 
freezing front in the ingot overtakes that in the head. 
Although very small in this instance, it is possible to 
visualize conditions in which this upward heat trans- 
fer would attain greater proportions, and this is 
further discussed later. 

The main point arising from this heat balance, 
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therefore, is that methods of reducing the heat trans- 
fer to the refractory offer the greatest scope for im- 
proving the efficiency of this ‘typical’ firebrick 
hot-top. At the same time, it must be remembered 
that there will be a natural tendency for such a reduc- 
tion to be counteracted to some extent by increased 
heat losses from the top surface and to the ingot; 
these factors will become of increasing importance 
as the thermal capacity of the refractory is reduced. 
This is shown by the heat balance for the insulating- 
brick hot-top which is described below. 


Insulating-brick Hot-top 


The first heat balance was repeated with all con- 
ditions reproduced as accurately as possible, with 
the exception that the 1}-in. firebrick tiles were 
replaced by 1}-in. tiles of high-temperature insulating 
brick to give a hot-top of the same size and shape. 
Vermiculite was again used on the top surface. 

The results of the second heat balance are shown in 
Fig. 4. Again the heat content of the refractory is 
the major factor, but it will be noticed that the heat 
losses from the top surface and to the ingot, and 
particularly the latter, have assumed greater pro- 
portions. As percentages of the total heat given 
out in the solidification period of the ingot (again 
almost exactly 20 min), the heat retained by the 
refractory accounted for 54%, 12% was conducted 
through it, 10% lost from the top surface, and 24% 
conducted to the ingot. The last cannot be con- 
sidered negligible in this case. 

Comparing Figs. 3 and 4, the main point to be 
noticed is that the total heat losses in the 20-min 
period were reduced by about 1000 kcal by the 
insulating-brick hot-top. It is apparent, however, 
that the full possible benefit of the insulating brick 
was not attained, as the reduction in heat loss to the 
refractory (both absorbed and conducted through it) 
amounted to 1300 keal. The difference is largely 
due to the appreciable increase in heat conducted to 
the ingot. This is further discussed later. 

The two latent-heat curves can be used to give an 
estimate of the possible saving in discard. In the 
20-min ingot-soldification period, the latent heats 
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given up by the steel to the firebrick and insulating- 
brick hot-tops were 1900 keal and 1500 keal respec- 
tively; the corresponding volumes frozen were about 
114% and 9%. Thus on this basis one could expect 
about 24% saving in discard with the insulating- 
brick hot-top. In works trials, a slightly higher 
saving (3-34° ) has been obtained on the average, 
the increase probably being due to the fact that most 
of the trial hot-tops were made to the same cross- 
section as the normal firebrick hot-top but teemed 
lower, thus exposing less refractory to the liquid 
steel. This is not, however, the most efficient way 
of using the insulating brick, and it is shown later 
that higher savings should be possible. 

The difference in feeding efficiencies is illustrated 
in Figs. 5 and 6, which show sectioned heads from 15°, 
hot-tops, made respectively of firebrick and insulating 
brick, but otherwise identical. The firebrick hot-top 
is just safely adequate but the insulating-brick hot- 
top can obviously be reduced in size. 


DISCUSSION 

The results of the two heat balances show quite 
clearly that reduction of the heat absorbed by the 
hot-top refractory can produce very worth-while 
savings in discard. Although the heat losses from 
the top surface and to the ingot become more and 
more important with increasing time (and thus with 
increasing head size) it appears that the heat content 
of the refractory will be the main factor in the great 
majority of hot-tops in use today. Nevertheless, 
the heat losses from the top surface and to the ingot 
can assume significant proportions, and they should 
also be minimized to obtain the highest efficiency. 

It is intended to deal individually with the three 
main directions of heat loss from a hot-top, and to 
discuss possible means of reducing these heat losses 
so as to increase thermal efficiency. The discussion 





Fig. 5—Section of ingot head from ‘ standard ’ 15°, fire- 
brick hot-top with vermiculite addition 
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Fig. 6—Section of ingot head from 15°, insulating- 
brick hot-top with vermiculite addition 
will be based on the results of the two heat balances 


and of other experiments to be described. The heat 
conducted through the refractory and the heat ab- 
sorbed by it will be considered together, as they are 
obviously closely dependent on each other. 


Heat Loss to the Refractory 

Refractories of Lower Heat Capacity 
of the usual firebrick by a material of lower heat 
capacity is probably the most obvious way of reducing 
heat loss to the walls of the hot-top. High-tempera- 
ture insulating bricks have already been mentioned 
and their use in practice will not be considered further 
here; it may be pointed out, however, that these 
bricks are relatively weak mechanically (see Table I) 
and this alone is likely to restrict their use consider- 
ably. 

There are other refractory materials which have 
excellent thermal properties for hot-top use, one of 
the most common being vermiculite which is unfortu- 
nately not sufficiently refractory to withstand direct 
contact with liquid steel. A special headbox*® has 
been designed by B.LS.R.A. to make use of these 
properties as far as possible, at the same time being 
relatively simple, robust, and easy to maintain. As 
shown in Fig. 7, the vermiculite granules are protected 
from the liquid steel by a thin steel sheet which 
itself supports a thin hot-face lining of, say, ganister. 
This design has been used at B.I.S.R.A. laboratories 
with possible savings of the order of 24°); this is 
somewhat less efficient than the high-temperature 
insulating brick, but it is likely to have a wider 
application. As the heat content of any hot-top 
wall is concentrated near the hot face, it cannot be 
too strongly emphasized that the efficiency of this 
design depends to a very great extent on reducing 
the thickness of the steel sheet and hot-face lining to a 
mininum. At the B.L.S.R.A. laboratories, repeated 
usages have been obtained with }-in. steel sheet and 
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Fig. 7—B.1.S.R.A. headbox of low thermal capacity 


}-in. hot-face lining, which could probably be reduced 
further without detriment. 

Refractory Thickness—Another possibility of re- 
ducing the thermal capacity of a firebrick hot-top 
would appear to be the use of a thinner brick. How- 
ever, this is not such an obvious improvement as 
would appear at first sight, for two reasons; first, 
as the heat content is concentrated near the hot-face, 
it would not be reduced in the same proportion as 
the reduction in thickness, and second, there would 
be increased heat losses from the cold face. However, 
a guide to the correct thickness of firebrick to use 
in practice would be most useful, and a simple experi- 
ment was devised with this in mind. 

A small firebrick mould, measuring internally 74 in. 
square by 9 in. high, was made with its walls 1 in., 
14 in., 2in., and 3 in. thick. Care was taken to ensure 
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that all the bricks were of the same grade. A com- 
plete heat balance being unnecessary in this case, 
thermocouples were inserted in each wall only at the 
centre-face position and supplemented by surface 
pyrometer readings at the cold face. Readings were 
taken for a period of 1 h after teeming. The experi- 
ment was then repeated, using a similar mould, but 
with 3-in. mild steel plate placed against the cold 
face of each tile, to simulate the use of a headbox. 

Figures 8a and } show the total heat losses to the 
refractory (per cm? of hot face) plotted against time, 
these totals being the sum of the heat content of 
the brick and the heat lost from its cold face. With 
the ‘ headbox ’, this latter factor is made up of the 
heat content of the plate and the heat lost from it 
to the atmosphere. It was apparent from the 
readings obtained that the ‘headbox’ had only a 
small effect on the heat content of the brick, increasing 
it slightly in each case. The differences between 
Figs. 8a and. 6, therefore, can be attributed almost 
entirely to the effect of the steel plate ‘ headbox ’ on 
the heat conducted through the brick, which was 
reduced by an increasing amount as the thickness 
decreased. This must be due to the existence of an 
air-gap between the plate and the brick over most of 
the area. 

Without the ‘headbox ’ (Fig. 8a) it appears that 
there is an optimum brick thickness of about 2 in.; 
with the ‘ headbox ’ (Fig. 8b), the 1-in. brick appears 
to be best up to 50 min, and the 14-in. and 2-in. bricks 
after that time. The dotted line shows a curve for 
a 4-in. brick obtained by extrapolating the heat 
content and heat conduction figures; the }-in. thick- 
ness, which is of the same order as the working thick- 
ness of the ‘recessed’ tile developed by Howson,? 
gives the lowest total heat losses over the first 25 
min, but then the losses increase more rapidly. 
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Fig. 8—Comparison of total heat losses from firebricks of different thicknesses 
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However, the differences between some of the curves 
are so small that, for any given time, it would be 
better to recommend a range of thicknesses, rather 
than an optimum thickness. Any differences in 
feeding efficiency within the range are likely to be 
completely masked by normal variations in practice, 
so that the final choice of thickness would be decided 
by refractory costs, taking into account both initial 
cost and life. It is felt to be sufficiently accurate to 
regard the time scale in Fig. 8) as stripping time of 
the firebrick hot-top, so that the following thick- 
nesses of firebrick can be recommended: 


Stripping Time (Hot-top) Range of Brick Thickness 


Up to 40 min §—2 in. 
10-50 min 1 —2 in. 
50-60 min 1 3-2 in. 


These thicknesses are recommended on the assump- 
tion that a headbox is used and that, as is usually 
the case, no special precautions are taken to ensure 
good contact between brick and box; such precautions 
would, in fact, be detrimental. It might be noted 
from Figs. 8a and 6 that the difference between the 
1}-in. brick curves up to 20 min is very small, so that 
the absence of a headbox in the heat-balance experi- 
ments had no significant effect on the results. 

The use of a highly insulating backing instead of a 
simple air-gap is unlikely to be of any great value 
except with thin bricks, such as recessed tiles; and 
even in this case it is doubtful whether the benefit 
attained would be worth the extra trouble and cost. 

Shape of Hot-top Section—As the perimeter of a 
circle is less than that of a square of the same area, 
a hot-top of circular section will expose a smaller 
area of refractory per unit volume of steel, and will 
therefore have a lower heat capacity, than one of the 
same height and volume but of square section. 
Consequently the hot-top should be made circular 
in horizontal section, or as nearly circular as prac- 
ticable. 

External Heating of the Refractory—lf heat is 
supplied to the refractory from a source other than 
the steel in the head, the refractory’s potential for 
absorbing heat from the steel will obviously be 
reduced. The higher the preheat of the hot-top, 
therefore, the more efficient thermally it will be. 
Exothermic hot-top linings have a similar effect; 
the aluminium-based types, in fact, generate such 
intense heat that they probably transfer heat to 
the steel for a short period, and even over the full 
solidification period they abstract an almost negli- 
gible quantity from it. This very great reduction in 
heat loss to the hot-top lining accounts for the ex- 
tremely high efficiency of this type of hot-top. 


Heat Loss from Top Surface 

In both heat balance experiments described pre- 
viously, a vermiculite top addition was made to the 
ingot head. Although some type of feeding com- 
pound is used in the majority of hot-topping prac- 
tices, a number of firms make no addition and this 
must lead to considerable heat loss from the top 
surface. 

An estimate of this was obtained by casting two 
further 9-in. ingots with 15% firebrick hot-tops, 
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Fig. 9—Comparison of heat losses from top surface of 

‘ standard ’ 15°, firebrick hot-tops 
one with no addition and the other with a }-in. layer 
of vermiculite, the heat losses from the top surfaces 
being measured by means of total radiation pyro- 
meters. Figure 9 shows these heat losses compared 
with that from the top surface of the 15°, firebrick 
hot-top used in the heat balance, which had a 1-in. 
layer of vermiculite as top addition. It will be noted 
that, with no top addition, the top losses are very 
considerable and would probably account for 25-30°;, 
of the total losses during the 20-min solidification 
period. 

It was deduced from the heat balances that the 
reduction of 1000 k cal in total heat losses, obtained 
with the insulating-brick head, would give a saving 
of about 24%. In this case, the l-in. vermiculite 
layer reduced the top losses by about 860 kcal; 
this would be offset to a small extent by increased 
losses to the refractory and to the ingot, so that 
the total losses would probably be reduced by about 
800 kcal. Compared with practices with no top 
addition, one would therefore expect a saving of 
about 2% using vermiculite, and this level of saving 
has, in fact, been verified repeatedly in works trials 
carried out by B.I.S.R.A. Moreover, the cost of 
the vermiculite required is only about 3—4d. per ingot 
ton, which would make its use economical in any 
practice. Thus in those works where top additions 
have hitherto not been used, the use of vermiculite 
can be strongly recommended as a cheap and very 
simple method of producing worth-while savings in 
discard. 

The heat balance on the ‘standard’ firebrick 
hot-top, with l-in. vermiculite top addition, showed 
that top-surface losses were only 5% of the total, 
which is almost negligible. It follows, therefore, 
that one cannot expect any other type of insulating, 
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Fig. 10—Section of ingot head from 103°, 
Base of 


brick hot-top with vermiculite addition. 
head reduced to 6 in. square 


or even mildly exothermic, compound to give any 
noticeable improvement over vermiculite. An im- 
provement can only be expected when heat is trans- 
ferred to the steel; for instance, by adding a highly 
exothermic compound, or by applying electric arcs 
or gas flames. 


Heat Loss to the Ingot 

It has already been noted that the only significant 
heat transfer across the head ingot interface occurs 
by conduction to those areas which are fully or partly 
solid. The presence of the * ingot shoulder ’ means 
that a certain time will elapse before the freezing 
front in the ingot overtakes that in the head, at a 
certain distance from the head wall. At any point 
on the interface within this distance, there is no 
vertical heat conduction until the freezing front in 
the head reaches that point, when upward heat flow 
begins. This continues at an increasing rate, reach- 
ing a Maximum at the time at which the ingot front 
reaches the point in question. Upward heat flow 
then diminishes to zero, changes direction, and then 
downward heat flow continues at an increasing rate 
as the steel in the mould cools more rapidly than in 
the head. At any point on the interface beyond the 
distance at which the two fronts coincide, there is 
no upward heat transfer at any time. 

To minimize heat loss to the ingot, therefore, it is 
necessary to prolong as much as possible the time in- 
terval which elapses before the two fronts coincide, 
thus extending the period of upward heat flow and 
delaying the start of downward heat flow. This 
must be done by altering conditions in the head, 
as it is both impracticable and undesirable to slow 
down the freezing rate of the ingot. A similar effect 
could be gained by increasing the freezing rate of 
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the head but such a course would be directly 
opposed to the main findings of the heat balances, 
which demand a refractory of low heat capacity 
giving a correspondingly low freezing rate in the 
head. Figure 4 shows that the more rapidly frozen 
head has a lower heat loss to the ingot, but this is 
far outweighed by the higher heat loss to the re- 
fractory. 

The only method of reducing heat loss to the ingot 
which can be considered, then, is that of reducing 
the cross-section of the head. This would increase 
the ingot shoulder which would mean that the ingot 
front would have to travel further before overtaking 
the head front. In addition, the interface area would 
be reduced, contributing still further to the overall 
reduction in heat loss to the ingot. 

In theory, the only limit to this reduction in cross- 
section is that the head must not freeze across com- 
pletely before the ingot is fully solid; otherwise there 
will be a certain amount of piping or porosity within 
the ingot body below the shoulder. The temperature 
measurements taken in the identically-dimensioned 
15°, firebrick and insulating-brick hot-tops showed 
that they froze across completely in 23} min and 
28} min respectively, compared with the 20-min 
solidification period of the ingot. As it is essential 
to allow some safety factor, it would appear that the 
cross-section of the firebrick hot-top could be reduced 
only very little, if at all. On the other hand, the 
freezing time of the insulating-brick hot-top is ex- 
cessive, and from the progress of solidification it was 
estimated that its cross-section could be reduced from 
73 in. square to at least 6 in. square, without fear of 
the head freezing before the ingot. ‘Trial casts at the 
B.L.S.R.A. laboratories showed that a 6-in. square 
base to the insulating-brick hot-top was quite ade- 
quate (see Fig. 10) and that the volume could be 
reduced to 103°, which means a saving of 43°, over 
firebrick. This may be compared with the saving 
of 3-34° obtained with insulating bricks in works 
trials where the practice has been to keep to the same 
cross-section as the normal firebrick hot-top and to 
reduce the head volume by teeming to a lower level. 
The extra 1-1}°,, therefore, is a measure of the extra 
benefit to be gained from insulating bricks by mini- 
mizing heat loss to the ingot. 

Confirmation of the benefit to be obtained by re- 
ducing the cross-section is to be found in Howson 
and Glaisher’s work,” in which a series of ingots was 
cast with heads of the same volume but with height 
diameter ratio varying from 0-55 to 1-52. The 
sectioned heads showed quite clearly that feeding 
efficiency increased as the head became narrower. 

Although the fact that the head must not freeze 
completely before the ingot is the only theoretical 
limit to the reduction in cross-section, in practice 
there appears to be another limit in the width of 
ingot shoulder which is acceptable to the rolling mill. 
It is well known that a wide shoulder on the ingot 
tends to lap over during rolling; such rolling laps not 
only mask the true cropping position, possibly causing 
delays, but also increase the necessary discard by the 
amount of rolled-over metal. It should be possible 
to reduce the tendency to rolling laps and permit a 
wider shoulder, however, by rounding it to provide 
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a good lead-in and, if practicable, by entering the 
ingot head-first in the first rolling pass. 

Bearing in mind the two limitations, therefore, the 
hot-top should be made as narrow as possible for 
maximum efficiency. Further, if the normal refrac- 
tory is replaced by a better insulating material, the 
hot-top should be made even smaller in cross-section 
to obtain the maximum benefit. 

The rate at which a feeder head freezes across its 


base is obviously dependent on the rate of loss of 


heat to the ingot as well as to the refractory. Thus 
even with the same refractory, the rate of freezing 
in the head will vary with ingot size, and on this 
account it is not possible to suggest from the heat bal- 
ance data the best cross-section of firebrick head to 
use with different ingot sizes. However, it is likely 
that the danger of the head freezing before the ingot 
need only be considered on relatively small ingots, 
say up to 12 in. square; as the ingot size increases, 
the acceptable width of ingot shoulder will become 
more and more the overriding limitation to head cross- 
section. 


SUMMARY AND CONCLUSIONS 


A number of experiments involving measurement 
of heat losses from the hot-tops of 9-in. square 
ingots have been made at the B.I.S8.R.A. laboratories, 
and have enabled the relative importance of the differ- 
ent heat losses, and their variation over the solidi- 
fication period, to be assessed. The heat content of 
the refractory is shown to account for by far the 
greatest proportion of the total heat loss, so that the 
vital property of any hot-top tile is its thermal capa- 
city rather than its conductivity. The heat losses 
from the top surface and to the ingot, although of 
minor significance, become more and more important 
as the head size increases. 

Conditions vary so much between individual works 
that the recommendations made in this report have 
been deliberately kept general in nature; they are 
not necessarily applicable to all practices. For 
instance, in some melting shops a long hot-top life 
is almost essential from the point of view of time, 
space, and convenience, and in such cases any im- 
proved feeding method which results in a materially 
reduced hot-top life could not be accepted. 

Ihe suggestions for improving feeding efficiency 
may be summarized as follows: 

(i) Every effort should be made to minimize the 
loss of heat to the hot-top lining, as it is here that 
greatest benefits are likely to result. There are two 
general ways of cutting down this heat loss: (a) 
reducing the thermal capacity of the hot-top by 
using more porous refractories or special hot-top 
designs, and by correct choice of brick thickness and 
of cross-sectional shape; and (b) reducing its heat- 
absorbing potential, either by preheat or by the use 
of exothermic linings. 

(ii) The use of some type of feeding compound on 
the top surface should be regarded as essential; verm- 
iculite has proved to be efficient and should be econ- 
omical in any practice. Better results can be expected 
only with such additions as the highly exothermic 
materials, or special techniques which supply heat to 
the top surface. 

(iii) Provided that the head does not freeze before 
the ingot and that the ingot shoulder width is accept- 
able, the hot-top should be made as narrow as possible. 
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The lower the freezing rate of the head, the narrower 
it should be for maximum efficiency. 
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APPENDIX 


Sources of Physical Constants used in Heat-flow 
Calculations 


Refractories—The properties required were specific 
heat, apparent density, and emissivity. 

(i) Specific Heat—this was assumed to be the same 
for both firebrick and insulating brick. The figures 
used were those quoted by Green (B.R.R.A. Bulletin 
12, 1926, p. 26, and Spiers ** Technical Data on Fuel,”’ 
5th ed., p. 171): 


Temperature Range, ° ( Mean specific Heat, 


O-— 200 O-: 


203 
O-— 600 0-232 
00-1000 0-258 
0—-1400 0-275 


The same figures were assumed to apply also to 
vermiculite, which accounted for such a small pro- 
portion of the total heat loss that an appreciable 
error could be tolerated. 

(ii) Apparent Density—the following apparent den- 
sities were measured in the laboratory: 

Firebrick (used in heat balance) 2-04 g/cm? 

Firebrick (used in small refractory 
mould) 

Insulating brick 

Vermiculite granules 

(iii) Hmissivity—estimates were made in the labora- 
tory using the surface pyrometer, and a value of 0-385 
was used for the firebrick and the insulating brick. 
A value of unity was assumed for the granular vermi- 
culite surface. A measured value of 0-80 was taken 
for the steel plate used to simulate a headbox. 


2-10 gem? 
O-SS8 g em? 
0-OS ¢ em? 


Steel—In this case the required properties were the 
latent heat of fusion, specific heat, thermal con- 
ductivity, and density. 


(i) Latent Heat—the figure used was 63 cal g, which 
is the mean of a number of values from the literature 
collated by Ruddle in ** The Solidification of Castings ” 
(Institute of Metals, Monograph and Reports Series 
No. 7). 

(ii) Specific Heat, Conductivity,  Density—two 
sources were used for these properties. Up to the 
solidus temperature, the values were obtained (by 
extrapolating where necessary) from ** Physical Con- 
stants of Some Commercial Steels at Elevated Tem- 
peratures,” edited by B.I.S.R.A. and published in 
1953 by Butterworths Scientific Publications, London. 
Liquidus temperature values were again taken from 
Ruddle’s survey of the literature (0-17, 0-061, and 
7:2 ¢.g.s. units respectively). Values between the 
solidus and liquidus temperatures were then obtained 
by interpolation. 
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Stress Corrosion of Austenitic 


Stainless Steels 
in Steam and Hot-water Systems 


By C. Edeleanu, M.A., Ph.D., and P. P. Snowden, A.Met. 


IT IS FAIRLY WIDELY KNOWN that, in spite of 
their good corrosion properties, the austenitic stainless 
steels are no more free from stress corrosion than any 
other class of alloys. 
stress corrosion due to unsuitable heat-treatment, 
or to certain welding processes, gives little trouble 
now that stabilized or low-carbon steels are being 
generally used, but the transgranular type of stress 
corrosion is still difficult to combat by purely metal- 
lurgical means. The composition, and in particular 
the nickel content, has an effect on the susceptibility 
of the steels to cracking,!* but it is not yet possible 
to make really resistant alloys with a moderate 
nickel content or by other minor changes to the existing 
conventional compositions. 

Practically all the published work on stress cor- 
rosion refers to laboratory experiments carried out 
in concentrated boiling chloride solutions.-4 The 
references to service failures are rather infrequent 
and brief,® so that it is difficult to build up a realistic 
picture from the literature alone of the problems 
which may arise from the ever-increasing use of these 
alloys, especially in plant using hot water and steam. 
Such plant includes advanced conventional power 
plant and also some types of atomic reactor. 

Among the service failures examined in the authors’ 
laboratory there have been many which have occurred 
in chloride solutions; but there have also been a 
disturbing number of failures in steam and in heat- 
exchanger systems using water. Sometimes chlo- 
rides were known to have been present, but in a 
number of cases very pure water or steam was being 
used. The International Nickel Laboratories* have 
had a similar experience, and laboratory work both 
in the U.K.7and in the U.S.A.8 has shown that cracking 
can occur when very little, if any, contamination 
is present. 

It appears, therefore, that stress corrosion is a real 
danger with steam and hot water systems, but at the 
same time it is known that much stainless-steel equip- 
ment is being used, presumably successfully, for such 
applications. Therefore, it seems reasonable to 
believe that the conditions necessary for stress cor- 
rosion are such that they are met only infrequently 
in practice. 

The aim of the present work has been to establish 
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SYNOPSIS 

The austenitic stainless steels are frequently used in plant in- 
volving high-temperature water and steam. Service experience 
shows that such material is very satisfactory for these applications 
except for an occasional case of stress-corrosion cracking. In view 
of the present use of austenitic steels in advanced conventional 
power plant, and their proposed use in certain types of nuclear 
power reactors, it was necessary to investigate the conditions 
responsible for this type of cracking, since failures cannot be toler- 
ated in either of these applications. 

The present work shows that cracking can be rapid in water 
and steam systems, but only under somewhat specific conditions. 
Impurities must be present and the pressures and temperatures 
must be such as to allow the formation of a layer of concentrated 
electrolyte on the steel surface. 1355 


which service conditions are most likely to lead to 
cracking in hot water and steam plant. 

TESTING TECHNIQUE AND APPARATUS 
General Remarks 

The work to be described fell chronologically into 

three parts: 
(i) Tests in ‘ live’ steam from a works boiler. 
(ii) Tests in high-pressure stationary steam. 
(iii) Tests in a high-pressure circulating hot-water 
system. 

In the course of the work it was found that the 
conditions necessary for cracking were somewhat 
specific and that accurate records of pressures and 
temperatures were necessary. 

It was not possible to maintain sufficient control 
over the conditions in the works boiler or superheated 
steam to evaluate the results with certainty, and for 
this reason the experiments under heading (i) above 
are only briefly mentioned towards the end of this 
paper. 

High-pressure Stationary Steam Apparatus 

Not all the apparatus used can be described here 
in detail, especially as some of it was of necessity 
rather complex. The main high-pressure work in 
steam has, however, been done in apparatus basically 
similar to that shown diagrammatically in Fig. 1, 
and which was designed to allow testing of loaded 
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specimens in the steam phase under any combination 
of pressure and temperature thought to be of practical 
interest. 

The ‘boiler’ of the present machines is a 3-ft 
long bar of austenitic or low-alloy steel with a }-in. 
bore, and it is filled to about one-third of its height 

=, 

, j P—Plunger Fu—Upper furnace winding 

ny S—Specimen Fl—Lower furnace winding 
T—Thermocouple — Pressure recorder controller 
V—Valve 'r—Thermocouple recesses 


Fig. 1—Diagram of high-pressure steam apparatus 
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‘ig. 3—-General view of one of the high-pressure appara- 
tuses. In this case the load is applied by means of a 
lever and weights, but in some of the others the 
load is applied hydraulically or by means of a 
spring 


with water. At the lower end there is a tube con- 
nection to a pressure controller/recorder. At the 
top there is a ground 15° taper in which the specimen 
(Fig. 2) is placed. The pressure seal here is made by 
line contact. The stress, which unless otherwise 
stated was 13 tons/in®, is applied by a plunger which 
fits inside the specimen and which is pressed down 
either by a lever system, hydraulically, or by a spring, 
depending on the machine. Some of the machines 
have the side tube and valve shown in Fig. 1, through 
which gases under pressure can be added to the system, 
but these were not present in all the machines used. 

The steam pressure is raised to the desired value 
by means of the lower furnace, and is kept under con- 
trol by the controller/recorder. With the present 
arrangement, the pressure control is normally -+- 50 
lb/in?, but this can be improved if necessary. The 
temperature of the specimen is controlled with the 
aid of the top furnace. Whenever possible the tem- 
perature was measured by a thermocouple fitting 
inside the plunger and specimen, as shown in Fig. 1, 
but the tests at 600° C had to be carried out with a 
solid plunger to minimize creep in the plunger. The 
temperatures quoted in such tests are those of the 
boiler wall at the appropriate height. Figure 3 
shows one of the lever-loaded machines. 


High-pressure Circulating Water System 

The apparatus for this work is shown diagrammatic- 
ally in Fig. 4 and consists of a reservoir R, containing 
about 5000 ml of solution, a pressurizing vessel or 
‘surge tank’ P, a gas tank G, a specimen holder H, 
and the pipework shown. P was heated electrically 
by a circuit actuated by a pressure controller. As an 
additional safety measure, a_ suitable platinum 
thermometer was used to switch off the heater if the 
temperature of P increased a few degrees above that 
necessary to maintain the pressure. Under normal 
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Fig. 5—Section through taper-type specimen and stress- 
ing plug (not to scale) 
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Fig. 6—Section through specimen stressed by the lever 
system shown in Fig. 8 (not to scale) 


circumstances the pressure was kept at 1500 Ib/in* 
25 Ib/in?. 

Two types of specimens were used. Figure 5 shows, 
in section, a ‘constant strain’ type specimen in 
which the stress is applied by forcing a small cylinder 
in the taper portion, and Fig. 6 shows a specimen 
which was stressed using the system of levers and 
springs shown in Fig. 7. Both types of specimen 
were heated by a small solder bath which is not shown 
in Fig. 7. The whole assembly, which is shown in 





Fig. 7—Detailed view of specimen, specimen holder and 
stressing method used on high-pressure circulating 
water system 
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Fig. 8—General view of high-pressure circulating water 
system 
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Fig. 9—Chart showing approximately the proportion 
of time at each temperature during the test in super- 
heated works steam 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








410 


EDELEANU AND SNOWDEN: CORROSION OF AUSTENITIC STAINLESS STEELS 





Fig. 10—A batch of specimens after 6 months in the drum of a low-pressure boiler. 


From left to right, 


the steels were Mo-V, C steel, four austenitic Nb-stabilized stainless steels, a 6% Cr steel, a complex 
11% Cr steel, a 14-10 Cr-Ni steel and an 18-18 Cr-Ni steel 


Fig. 8, was fixed, at a slight angle, to the door of a 
steel cupboard which was kept shut during operation. 


Live Steam 

The works boilers are Stirling tube boilers working 
at 180 lb/in?, and the steam is superheated to 300° C. 
About 98% make-up water from the town supplies 
is used, after a simple soda and lime treatment. The 
water in the boilers therefore becomes highly con- 
taminated after a few days and considerable frothing 
and carry-over probably occurs. 

Tests were carried out in the steam space of the 
drum of one boiler and also in a steam pipe forming 
part of the manifold delivering the steam from a 
number of boilers to the works. No temperature 
record was kept for the drum, but the temperature 
in the steam main varied considerably, as shown in 
Fig. 9. 

The specimens were simple U-bend type specimens 
(Fig. 10) and the most convenient size was 3 in. dia. 
by 5 in. long, bent round a 1-in. former and restrained 
in a suitable holder. 

In addition to these tests, steam from the same 
boilers was further superheated to 650° C in an 18-8 
Ti superheater, heated electrically. This steam was 
then passed through a test chamber also kept at 
temperature. The pressure here was very small] 
(probably about 15 Ib/in? gauge). The actual 
apparatus was somewhat complex because of the 
difficulties of maintaining good control of temperature 
with a variable steam supply. For this reason, and 
since the apparatus did not prove very useful, it will 
not be described. In this case U-bend specimens 
could not be used because at 650°C practically no 
stress remained after a few days. The specimens, 
3 in. dia., were therefore stressed by four-point live- 
loading to 3 and 6 tons/in?. 

Materials 

Most of the work described has been carried out 
on the niobium-stabilized steels of Table I. The 12% 
Ni type is known, from ordinary boiling chloride 
tests, to be somewhat more resistant than the 8-9% 
Ni steels. The differences in behaviour are not very 
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great under the present conditions of testing, but the 
more recent experiments have been carried out on 
the lower-nickel steel to ensure that cracking had a 
good chance of occurring. The steel used in any 
given experiment is mentioned in the text and all 
specimens have been machined from bar, softened 
by air-cooling from 1050° C. 


Safety 

The normal precautions for safety with high-pres- 
sure equipment were taken and, in general, at least 
two independent mechanisms were used to prevent 
pressures (or temperatures) from rising above the 
desired value. In this type of work, however, there 
is the additional danger of stress corrosion of the 
apparatus, and quite a number of such failures 
occurred during the course of the investigation. The 
only way to minimize the risks is to keep the volumes 
of hot water and steam down to a minimum and to 
use suitable screens. The apparatus failures which 
have occurred have been at least as instructive as 
the tests on specimens, but cannot be described now. 
It is possible to avoid some failures by suitable 
designing so that the steel is not exposed to the most 
dangerous conditions, but if this cannot be done 
there is little point in using excessively heavy section 
because cracks have penetrated easily through, for 
instance, 1}-in. thick walls of a }-in. inside dia. tube. 


Table I 


COMPOSITIONS OF THE MAIN STEELS USED IN 
THE RESEARCH 








] 
Steel Cast Cc Si Mn Cr Ni Nb 
No. No. % % | % % % % 
| 

1 38237 | 0-12 0-78 1-41 | 18-46 | 12-13 1.33 

2 {40501 | 0-11 | 0-75 1-28 | 18-52 11-78} 1-49 

3 01972 | 0-11 | 0-50 | 0-41 | 17-84; 9.50 1.22 

4 34979 0-05 0-57'0-56 19-16 9-50 0-99 

5 32391 | 0-08 0-53 | 1-43 17-48 12-20 0-98 
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What is interesting is that stress corrosion of 
austenitic steels does not normally seem to lead to 
sudden total failures nor, therefore, to explosions. 
This conclusion is based on the impression formed 
during the examination of a number of service failures 
in which the only complaint was * excessive leaking ° 
and it is supported by general observation of the 
failures which have occurred in the laboratory. 

Naturally it is not possible to rely on leaks always 
occurring before final full failure where personal 
safety is involved, but sufficient confidence was felt 
in this to use the solder method of heating described, 
which, as might be imagined, is most unsatisfactory 
if full failures were to occur, but is quite satisfactory 
where only very slow leaks develop, as was the case. 


EXPERIMENTS IN HIGH-PRESSURE STEAM 
Creep Conditions at 600-650° C 
Clean Steam 

The apparatus shown in Fig. | is suitable only for 
obtaining rupture data, and it was decided to run a 
set of tests in 1500 Ib/in? steam on a steel (No. 1) 
for which conventional creep-rupture data were 
available at 600°C. The results are shown in Fig. 
11, from which it seems that up to 18,000 h there is 
no appreciable difference between rupture in air and 
in steam. 

As mentioned before, temperatures could not be 
accurately measured in these tests, nor could the 
specimens be made with the accuracy of normal 
creep specimens, but micro-examination of the failed 
samples showed no features which were not also 
present in normal creep specimens. Cracking — oc- 
curred more or less to the same extent from the 
inside (air-side) as from the outside (steam-side) of 
the specimen. A single test on a more complex 
creep steel at 650° C also gave a satisfactory rupture 
life. 

Impure Water 

The work to be described below shows that for 

rapid stress corrosion it is necessary to have certain 
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Fig. 11—Creep-rupture times at 600° C 
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Fig. 12—Slight intercrystalline oxidation of specimen 
coated with NaCl and tested at 600 C in 2500 
Ib in? steam for 596 h at an applied stress of 13 
tons in* 500 


impurities present. Three tests have, therefore, been 
carried out at 600°C and at 19 tons/in® in steam 
raised from 3°, sodium chloride and from 6°, mag- 
nesium chloride solutions. With the sodium chloride 
solution, steel 1 failed in 329 h and steel 3 in 403 h, 
while with the magnesium chloride solution, steel 3 
failed in 291 h. These times seem to be of the right 
order for normal rupture failures, and again micro- 
examination did not reveal any unusual features 
which could be ascribed to stress corrosion. The 
differences in rupture times for the tests on steel 3 
were not considered significant, but in view of the 
results obtained later (Contaminated Water, below) 
it may be worth carrying out longer tests at lower 
applied stresses. 


Contaminated Specimens 


As might be expected, contamination of the water 
has little effect unless the conditions are such that the 
specimen itself becomes contaminated. In practice 
this can occur because of, for instance, carry-over. 
To test the effect of contamination, the specimens 
were coated by immersing in a sodium chloride 
solution and then allowing the solution to dry on them. 
Two tests on steel 2 were carried out at 1500 and 2500 
lb/in? respectively, and at 13 tons/in? applied stress. 
The specimens were cut and examined after about 
500 h, and it was found that both had suffered 
considerable intercrystalline oxidation, and in places 
cracking had started (Fig. 12). This cracking, which 
was intercrystalline, could not have been due to 
normal creep because none was noticed starting from 
the inside (plunger-side) of the specimen, which had 
not been contaminated. 

The appearance of these premature cracks made it 
obvious that rupture lives would be affected by con- 
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Fig. 13—Intercrystalline oxidation and cracking of 
specimen coated with NaCl and tested at 600° C in 
air at an applied stress of 13 tons /in®. Failed in 382- 
454h. Diamond polished, not etched 500 


tamination, and since it seemed that ordinary oxida- 
tion was involved, it was likely that the effect would 
be more rapid in air than in steam. Two further 
tests at 13 tons/in* were carried out, but this time the 
apparatus was left open to the atmosphere, no steam 
being present. Steel 1 failed in 225 h, and steel 2 
in 382-454 h. These times (see Fig. 11) are very 
short for rupture lives and Fig. 13 shows a section 
through the surface which had been coated. An 
increase in the severity of oxidation can be seen by 
comparison with Fig. 12. No unusual features were 





a 


Fig. 14—Intercrystalline oxidation of specimen similar 
to that of Fig. 13, but not stressed. 454h. Diamond 
polished, not etched x 500 
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TIME, min. 


Fig. 15—A cycle showing the temperature of the 
specimen (dotted line) during the cyclic test. The 
full line represents the temperature of the steam as 
calculated from the pressure. The specimen is 
wet when its temperature is below that of the 
steam 


found on the inside, that is the uncoated side, of the 
specimen, which was uncracked except where final 
failure had occurred. An unstressed specimen from 
steel 2 also suffered intercrystalline oxidation at 
600° C when coated with chloride, but no cracks 
started opening in this case (Fig. 14). 


Conclusions 

It seems that at 600°C and above transgranular 
stress corrosion is unlikely in the presence of 1500 
lb/in? steam and that normal rupture times will be 
obtained with clean steel. If the steel becomes con- 
taminated shorter lives might be expected, but on 
the whole it seems that the effect of contamination 
will be greater in air than in steam. In conventional 
power plant such contamination is more likely to 
occur on the fire side of the tube than on the water 
side, but not all contaminations will necessarily be 





Fig. 16—Minute cracking occurring on a specimen 
which is believed to have been contaminated by 
handling xi 
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Table II 
TESTS UNDER CLEAN STEEL AND STEAM CONDITIONS 
| _ —_ > ne —— — Aeration a. Observations Results 
| — 
| | 
6C 5 Cyclic 305-250 | 1650-400 13. 2-5 ml H,O, 500 = approx. 170 No cracks found) 
| cycles 
24D 3 | Cyclic 305-250 1650-400 13. 100 1b, in? air 530 approx. 180 No cracks found 
| | cycles | 
| | Stamp mark 
| : on solid end 
| 33D 3 Cyclic 305-250 1650-400 13. None 1026 =approx. 342 No cracks found 
| cycles 
Stamp mark 
. on solid end 
| 76C 3 Wet steam 300 1500 13-100 1b in? air 260 Stamp mark on One small crack 
solid end see text 
| 
harmful. This effect of contamination on rupture is others heavy stamp marks were made on the solid 


unlikely to be confined to austenitic steels and its 
study is outside the scope of the present work. 
Experiments near Dewpoint under Clean Conditions 
From failures of the apparatus during the work on 
creep conditions described above, it appeared that 
stress corrosion was more liable to occur at tempera- 
tures and pressures corresponding with slightly super- 
heated steam or at the dewpoint. A number of tests 
were therefore carried out at about 300°C, both in 
slightly superheated steam and in wet steam. In 
addition, a cyclic test, in which temperatures were 
varied as shown in Fig. 15, was used to test specimens 
which were periodically wet and dry. The tests 
were carried out both with and without air and also 
at higher applied loads than normal (19 tons/in?). 
In one case the specimen was notched and in a few 








test. 


Temperature record during ‘ dewpoint 
The arrow indicates a slight rise in temperature 
just before failure, due to heating of the specimen 


Fig. 17 


by steam condensation. A sudden fall in tempera- 
ture occurs on fracture due to the sudden release of 
the steam 
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end of the test-piece to induce internal stresses. 

A considerable number of such tests have been 
carried out and the main details of some of the longer 
runs are shown in Table Il. With one exception, 
which is included in the Table, no cracking has been 
found in any test in which the specimen was known to 
have been really clean. The exception was run No, 
76C where a single and very small crack about 0-00] 
in, deep was found in one section. Because of the 
smallness of this crack it was not very clear whether 
it was due to stress corrosion, but even if it was it 
may well have been due to a minute trace of local 
contamination on the specimen, and it seems reason- 
ably safe to assume from these tests that stress cor- 
rosion does not occur in clean water or steam at about 
300° C, or if it does it is very slow by comparison 
with the cracking which occurs when there is con- 
tamination present. 

Experiments near Dewpoint with Contaminated 
Specimens 

During the initial tests at about 300°C 
have just been described, a few specimens did crack 
to some extent after very short runs of a few hours. 
The reason for these failures became obvious when a 
specimen was found to have what appeared to be a 
‘fingerprint’ of small cracks (Fig. 16). Following 
this, specimens were deliberately contaminated by 
immersing in a chloride solution and then allowing 
some of the solution to dry on them. In order to 
prevent the condensate from prematurely washing 
the deposit off, the top of the boiler was first heated 
to the working temperature and that was followed 
by raising the steam pressure. If the dewpoint 
was reached, this could be detected by a rise in tem- 
perature of the specimen. With sodium, magnesium, 
and calcium chloride contamination, failure leading 
to loss in pressure almost always occurred in this 
type of test at, or very near, the dewpoint, and the 
test has been called the *dewpoint test’. Figures 
17 and 18 show the corresponding temperature and 
pressure records for a run on a sodium-chloride- 
contaminated specimen. In this case the dewpoint 
was hardly crossed, as can be seen in the temperature 


which 


record. 
The other most dangerous contaminating substance 
tried was caustic soda. In this case the steam was 
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Table III 
TESTS IN SUPERHEATED STEAM WITH CHLORIDE CONTAMINATION 
| | | 
Estimated Estimated , 
Lng _ | Tempgpatene, waned Spee, Pr Pressure, Superheat, Weteh taine, Results 
78C 3 508 1700 200 194 72 Uncracked 
48D 3 430 1550 100 120 826 Cracked to depth of 
0.0035 in. 
45C 3 390 1550 200 74 405 Cracked to depth of 
0.005 in. 
27C 3 380 1600 100 62 71 Cracked 
40D* 3 370 1500 100 56 210 Cracked to depth of 
0.006 in. 
41D 3 330 1500 100 16 48 Cracked to depth of 
0-009 in. 
*see Figs. 22 and 23 


generally raised from a dilute caustic solution (about 
2°.) to prevent carbonate formation, and the specimen 
was coated by dipping in molten caustic. The failure 
was in many ways similar to that with chloride but 
could occur rapidly even in highly superheated steam 
such as 150 Ib/in? and 310°C. 

A few other tests with contaminated specimens 
are discussed below (Special Cases of Contamination), 
but the conclusion to be drawn from the present 
experiments is that a minute trace of impurity on the 
steel surface can cause rapid stress corrosion. 

Effect of Aeration 

In the * dewpoint test ’ just described, failures have 
practically always occurred when chloride was present, 
but there were a few exceptions. The uncracked 
specimens generally came off test uncorroded and 
bright, and a study of some of the records indicated 
that in these exceptional cases there had been slight 
leaks in the apparatus which, however, had not been 
sufficiently great to prevent the pressure frem rising 
to the desired value. 

An obvious possibility was that in these cases the 
system had become de-aerated and that oxygen was 
necessary for stress corrosion. To test this, experi- 
ments were carried out after first introducing 100 
Ib/in? hydrogen and some platinized asbestos in the 
boiler. No cracking occurred in the ‘ dewpoint test ’ 
when carried out in this way with sodium-chloride- 
coated specimens of steel 3. 

Confirmation was obtained by carrying out a test 
on steel 3 at 330° C and 1500 |b/in® total pressure in 
the presence of 100 Ib/in? hydrogen. No cracking 
was found after 90 h. A comparative test with air 
is given in Table III. 

Further tests were then carried out on the same 
steel, using water containing 20, 10, and 2% hydra- 
zine, but the boiler was not otherwise de-aerated 
before closing the apparatus. The first two of these 
were uncracked, but the last test failed, presumably 
because of inefficient de-aeration in the time avail- 
able. The interpretation is complicated by the fact 
that at these temperatures ammonia is generated 
from hydrazine, and there is some evidence that 
ammonia is an inhibitor (see below, Special Cases of 
Contamination). 

Further tests with chloride-contaminated speci- 
mens were carried out with steam raised from water 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


containing H,S. This prevented complete failure 
although it did not fully prevent minor cracking. 
The addition of sodium sulphite to the water also 
prevented actual failure of the specimen without, 
however, fully preventing slight cracking. 

To ensure an ample supply of oxygen in subsequent 
tests, 2 ml of 20-vol H,O, were added to the water 
immediately before closing up, and more lately air 
under pressure has been added before raising steam. 
In both cases a marked increase in general corrosion 
and in the severity of the cracking has been noticed. 

With caustic contamination the effect of aeration 
does not seem to be important, and as far as the repro- 
ducibility of the test allows estimation, equally rapid 
failures have occurred when hydrogen or oxygen was 
added to the systems. 

In conclusion therefore, efficient de-aeration seems 
to be a means of slowing down the rate of cracking 
if it is due to chloride contamination. Work to be 
described below (aeration) does not fully support 
this, but there is some doubt about the efficiency of 
de-aeration in that case. De-aeration does not help 
with caustic contamination. 

Effect of Pressure and Temperature 

The most likely explanation for the experimental 
results so far described is that stress corrosion occurs 
when a suitable electrolyte is present on the specimen. 





Fig. 18—-Corresponding pressure record of test shown 
in Fig. 17 


AUGUST, 1957 











mma ngemamnscn en: 





EDELEANU AND SNOWDEN: CORROSION OF AUSTENITIC STAINLESS STEELS 415 


a 





Fig. 19—Typical appearance of a specimen which failed very rapidly after condensation had occurred; 
salt is still visible on the lower end of the specimen 


With chloride contamination such an electrolyte could 
be formed somewhat before the dewpoint of pure water 
was reached, because the condensation point at any 
given pressure will generally be lower when a highly 
concentrated solution is being formed. As the theo- 
retical dewpoint of pure water is reached, the solution 
on the specimen surface would become diluted and 
finally be washed clean, except perhaps in small 
cracks. In a number of cases cracking was so rapid 
once condensation occurred that there was no time 
for the salt to be fully washed away before the drop 
in pressure caused the salt to dry off on the specimen. 
Figure 19 shows such a case. 

With caustic soda the position is somewhat different 
because this substance has a low melting point, 
318° C, and it also forms some very high boiling-point 
solutions with water. It follows therefore, that in 
this case electrolytes can be present over much wider 
ranges of pressure and temperature and it is not 
surprising that, as mentioned previously, failures 
have sometimes occurred in highly superheated steam. 
The same may be true of chlorides such as magnesium 
chloride, which also form high boiling-point solutions 
with water and probably explains why a test with 
this substance failed at a pressure appreciably below 
the dewpoint. 

Although, with sodium chloride contamination, 
cracking generally occurred near the dewpoint, it 
was desired to see whether there was complete safety 
in slightly superheated steam. Table IIL shows one 
of the series of tests carried out in this connection 
and demonstrates that some cracking can occur even 
in steam which is appreciably superheated. The rate 
is comparatively slower and with highly superheated 
steam there seems to be no cracking. 

The great majority of the tests in the present work 
have been carried out at about 1500 Ib/in?, but a 
few tests have been carried out with sodium-chloride- 
contaminated specimens at other pressures. At 
370° C failure occurred rapidly when the pressure 
had risen to 2600 Ib/in? (including 100 Ib/in? air) 
or in other words at least 10° C above the dewpoint. 
At 300°C as already stated, the failure normally 
occurred just as the dewpoint was reached. Below 
210° C complete failure did not occur before the dew- 
point was finally passed and condensation had washed 
the specimen clean. There was, however, considerable 
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? 
cracking even ina test carried out at 150°C. Because 
of the nature of the test it is not possible to give a 
more quantitative indication of the rate of cracking 
at the various temperatures and pressures, but it 
seems reasonable to assume that cracking is more 
rapid at the higher temperatures and pressures. 

Similar tests carried out with caustic cannot easily 
be interpreted because it is not known how much of 
the cracking took place during the heating-up cycle 
and before any appreciable steam pressure had built 
up. 

A few preliminary tests have also been carried out 
in supercritical water at about 400°C and 3600 
Ib/in?. The indications at present are that stress 
corrosion can occur in supercritical water, but the 
evidence so far available indicates that the process is 
somewhat slower than at lower temperatures. This 
work is still at an early stage, but it is interesting to 
note that contamination of the specimen can occw 
through the supercritical water since salt seems to 
be soluble in it. Furthermore, salt is partly washed 
off the specimen by supercritical water so that a high 
concentration may never be formed on the specimen 
surface. 

While much remains to be done to establish exactly 
the width of the band of steam temperatures and 
pressures which can cause failure, it seems certain 
that with chloride contamination the most dangerous 
conditions are those under which condensation just 
starts. 

Contaminated Water 

The most likely way for steel to become contami- 
nated with salts is for water containing impurities 
to dry on the surface. This cam occur easily at a 
place where water is boiled or if there is carry-over 
of small drops of impure water in a steam main. It 
was not clear, however, whether contamination could 
also occur from the steam phase itself since there does 
not appear to be any data on the solubility of chlorides 
or caustic in high-temperature steam. As mentioned 
before, the solubility appears to be appreciable 
beyond the supercritical point, but it was thought 
desirable to see if sufficient contamination could occur 
at the temperatures and pressures of more immediate 
interest. 

The cyclic test (400-1500 |b/in?) seemed the best 
to use in this case since even a small amount of con- 
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Table IV 
TESTS IN STEAM RAISED FROM CONTAMINATED WATER 
; T 
| Applied 
— Solution — Teas airy wi — Aeration — tons " Observations 
n 
} 
21C = 100 p.p.m. | Cyclic 255-300 | 400-1500 535 2ml1H,0, 5 13-0 No cracking 
NaCl 
34C | 100 p.p.m. | Cyclic 255-300 400-1500 700 2 ml H,O, 3 13-0 No cracking 
MgCl, 
23C =: 100 p.p.m. | Cyclic 255-300 400-1500 535 2 ml H,O, 3 13-0 No cracking 
CaCl, 
46C 2% NaOH Cyclic 255-300 400-1500 672 100 Ib in? air 3 13-0 No cracking 
+478 (replenished 
6 times) 
| 6D | 6% MgCl, Dry 315 1200 325 100 Ib in? air 3 13-0 No cracking 
| 42D 6% MgCl, Wet 300 1500 4822 100 1b/in? air 3 13-0 Cracked to depth 
| (replenished of 0-0025 in. 
3 times) 
8A 6% MsCl, Wet 300 1500 4199 None 1 19.0 No cracking 








become concentrated during the 
Tests were run with 


tamination would 
drying portion of each cycle. 


steam raised from water containing 100 p.p.m. of 


NaCl, MgCl,, CaCl,, and 2° caustic soda, and the 
details are given in Table IV. No cracking was 
found in any of these tests, indicating that no appre- 
ciable contamination from the steam phase occurs 
under these conditions, and incidentally confirming 
the conclusions previously reached (Experiments 
near Dewpoint under Clean Conditions, above) that 


point in continuing the test. There are, therefore, 
only a few minutes available during which cracking 
is liable to occur. Substances which may cause 
cracking, but far slower than chlorides and caustic 
soda, may therefore have little chance to produce 
detectable cracks in the time available. One way to 
increase the time available for cracking is to bring 
the pressure up to a value just short of the condensa- 
tion point for pure water, and to keep it there for the 
duration of the tests, as was done in some of the tests 


in the absence of contamination, cracking either on the effects of pressure and temperature. ‘Table V 
does not occur, or if it does it is very much _ shows some of the tests carried out in this manner, 


slower than with contamination. 

These solutions were somewhat dilute and it was 
therefore decided to carry out some further tests 
with steam raised from a 6°% MgCl, solution. The 
interest in this solution comes from the fact that 
MgCl, is known to be somewhat unstable at high 
temperatures and liable to hydrolyse, liberating 
HC! which would be soluble in the steam. 

The details of the more important tests in this 
series are also shown in Table IV, and in this case 
cracking did occur in one test in the presence of 
slightly wet steam and air. It is interesting that 
in a very similar test without air, no cracking occurred 
in spite of the higher stress, confirming the previous 
findings on the effect of aeration. Rather surprisingly 


no cracking has been found in the dry steam test of 


Table LV. 

These experiments show that contamination from 
the steam phase is not very likely with steam raised 
from reasonably pure water, but that with highly 
impure water there is a risk of cracking even if the 
water never comes into contact with the steel. It is 
reasonable to suppose that the danger would be 
greater in the presence of unstable chlorides such as 
magnesium and possibly calcium chloride than with 
sodium chloride. 

Special Cases of Contamination 

The dewpoint test described earlier is only satis- 
factory if cracking is likely to occur rapidly, since the 
pressure rises quickly towards the end of the test 
(Fig. 18) and as soon as appreciable condensation 
occurs the specimen is washed clean and there is little 
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together with some dewpoint tests. 

The conclusions to be drawn from the tests so far 
carried out seem to be: 

(1) Sodium borate, phosphate, and carbonate are not 
fully safe even in the absence of chloride. It may be 
that free caustic soda is present under the conditions of 
tests but even when excess CO, was added in the case 
of carbonate contamination (test no. 47D) some crack- 
ing was found. A mixed chloride-carbonate coating 
caused rapid failure (test no. 25D) but there is an 
indication that a mixed chloride—phosphate coating 
may not be as dangerous as plain chloride (tests nos. 
46D, 55D, and 56D). 

(2) The oxidizing agents, chromate and nitrate (tests 
16D and 52D) in the presence of chlorides but without 
added air, caused rapid failure, but somewhat sur- 
prisingly sodium nitrite seemed to act as an inhibitor 
when chloride was present (tests 29D and 49D). 
Ammonia appears to be an inhibitor with chloride 
contamination but not a very efficient one (tests 
71C, 18D, and 14D), while carbon dioxide did not 
affect matters appreciably (69C). 

The effect of hydrazine, sulphite, and hydrogen 
sulphide was mentioned above (Effect of Aeration). 

From the tests described up to now, it may appear 
that rapid cracking at elevated temperatures in the 
presence of chlorides can only occur at relatively 
high steam pressures, but there are other possible 
dangerous conditions. One rather interesting case 
was met when air under pressure was first used in the 
tests. In one case, for instance, 500 |b/in? air was 
added when the salt-coated specimen was cold, and 
this specimen failed during the period of heating-up 
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before any appreciable steam pressure was present. 


The reason for this was obvious from the appearance of 


the specimen. ‘The salt had been slightly wet at the 
start and because of the air pressure it could not dry 
until its temperature had passed at least 240°C, 
there was, therefore, ample time for failure to occur 


complication in subsequent tests, air was always 
added only after the specimen had reached the work- 
ing temperature, or at least had passed well above 
100°C. It seems, therefore, that for cracking all 
that is necessary is a total pressure sufficient to keep 
an electrolyte present and there need not necessarily 
be a high partial pressure of steam. 








before this temperature was reached. ‘To avoid this 


Table V 
TESTS ON STEEL CONTAMINATED WITH VARIOUS SUBSTANCES 





Maximum 








"Tres — PB Specimen 
| - eal basaien comeuaunaie Solution “<< paee, —— Results 
Ib, in*® 
| | 
| 38D Dry Na,B,O, Dilute 100 1500 330 General cracking 
72h Na,B,O, 0-002 in. deep 
| 37D | Dry Na,HPO, _ Dilute 100 1500 330 General cracking 
| 72h Na,HPO, 0.0005 in. deep 
| 
| 26D | Dry Na,CO, Distilled 100 1500 330 General cracking 
| | 72h water 0.0005 in. deep 
| 72C | Dewpoint Na,CO, Distilled 100 1700 275 No cracking 
water 
| 47D | Dry Na,CO, Distilled 100+ 1500 330 General cracking 
200 h water 0-006 in. deep 
| 16D | Dewpoint NaCl +4 Distilled None 900 292 tComplete fracture 
Na,CrO, water | 
} | 
| 29D | Dewpoint NaCl + Distilled None 1700 300 General cracking 
NaNO, water 0.005 in. deep 
| 49D | Dry NaCl Distilled None 1500 330 No cracking 
72h NaNO, water 
| 52D | Dewpoint NaCl + Distilled None 800 285 Complete fracture 
NaNO, water 
71C | Dewpoint NaCl Dilute 100 1550 300 §One crack 
| NH,OH 0.0025 in. deep 
| 18D | Dewpoint NaCl N/100 100 900 290 Cracked badly 
NH,OH | 
14D | Dewpoint NaCl N 100 1475 298 General cracking 
NH,OH 0-007 in. deep 
15D | Dewpoint NaCl 2N 100 1700 300 One crack 
| NH,OH 0-020 in. deep 
19D | Dewpoint NaCl + Distilled 100 1450 312 Complete fracture 
Na,CO, + | water 
NaOH 
25D , Dewpoint NaCl + Dilute 100 830 284 Complete fracture | 
Na,CO, Na,CoO, 
| 69C | Dewpoint NaCl Distilled “100 900 275 Complete fracture 
| water 
| 46D | Dewpoint NaCl + Distilled 100 1500 300 No cracking 
| Na,HPO, water 
| 56D | Dewpoint NaCl Distilled 100 1500 300 General cracking | 
| Na, HPO, water up to 0-004 in. deep | 
| 55D Dry NaCl + Distilled 100 1500 330 No cracking 
72h Na,HPO, water 
| 





* carbonate formed by reaction of NaOH with CO, added to boiler 


t+ 100 Ib/in* CO, added to boiler at start of test 
t failure occurred 200 Ib in* below dewpoint 
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§ two runs made with same specimen 
failure occurred 150 Ib/in* below dewpoint 


© 50 lb/in* CO, present in boiler 
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Table VI 
MAIN DETAILS OF EXPERIMENTS IN HIGH-PRESSURE CIRCULATING WATER SYSTEMS 
| > Air Total Solder ime 0} 
_ | sptlineen Racine Steel Solution ar Pressure, Temp. “test F Results 
Effect of Chlorides 
5 Taper and. Internal 4 100 p.p.m. 450 1500 450 200 = Severe cracking 
Plug NaCl 
13 Lever 12-5 2S. 19 ( 500 1500 450 14 | 
15 Lever 9 3 500 1500 450 35 | 
14 Lever 6 3 500 1500 450 128 
19 Lever 14 St em 500 1500 400 35 | Failed 
20 Lever 11-5 3 . | 500 1500 400 50 
26 Lever 9 3 | | 500 1500 400 72 
27 Lever 5 3 iJ 500 1500 “400 
16 Lever 9 3 10 p.p.m. NaCl 500 1500 400 200 No cracks found 
11 Taper and Internal 4 De-mineral- 500 1500 450 165 Nocracks found | 
Plug ized water 
Effect of Ammonia 
8 Taper and | Internal 4 100 p.p.m. 500 1500 450 220 ~=Severe cracking 
Plug NaCl +- 
N/10 ammonia 
7 Taper and Internal 4 100 p.p.m. 500 1500 450 168 Nocracks found 
Plug NaCl +- 
N ammonia 
18 Lever 9 3 100 p.p.m. 500 1500 400 184 No cracks found 
NaCl + 
N ammonia 
Effect of partial de-aeration 
21 Lever 3 100 p.p.m. NaCl None 1500 400 170 = Failed 
added 
22 Lever 9 3 100 p.p.m. NaCl *Nil 1500 400 105 ~=Failed 
Cathodic protection 
17 Levert 3 100 p.p.m. NaCl 500 1500 400 54 = Failed | 
6 Taper and | Internal 4 100 p.p.m. NaCl 500 1500 450 168 Cracked only 
Plug? above level of 





plug 





* 500 Ib in* H, added 
t 18°, Mn steel plug 


HIGH-PRESSURE WATER SYSTEM 
General Remarks 

If water is vigorously boiled, the non-volatile 
impurities are likely to concentrate near the steel 
surface, and particularly heavy concentrations are 
likely to be formed in small crevices where more or 
less * permanent steam pockets ° are apt to be formed. 
Heat exchangers often have small crevices of this 
type where the tubes are expanded into the tube plate. 
A number of failures both of tubes and tube plates 
starting from these gaps are known to have occurred 
in practice. The apparatus used in the work now 
to be described has been built to reproduce this heavy 
boiling in a restricted space (Figs. 4-7). 

Essentially the test is very similar to the one 
described previously, the main difference being that 
in this case the contamination comes from the water 
instead of being added artificially. The advantage 
is that using this type of apparatus it should eventu- 
ally be possible to see which * waters’ are dangerous 
and also to test the effectiveness of inhibitors. The 
number of variables to be investigated is large, and 
up to now it has not been possible to cover mueh 
ground, but a few tests which have a direct bearing 
on the work described in the previous section will 
be briefly mentioned. 

Chloride contamination 


Most of the tests have been carried out with 100 
p.p.m. sodium chloride contamination and the main 
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+ mild steel wire in 
centre of specimen 


details of these tests are given in Table VI. With the 
taper-type specimen, examination after about 200 h 
showed cracking starting from the gap between the 
specimen and the plug, as shown in Fig. 20. Some 
cracking was also found somewhat above the plug, 
presumably because the heat throughout was suffi- 
ciently great to cause a more or less permanent steam 
pocket even above the plug. With the lever-stressed 
specimens, the failures generally occurred in less than 
a week and if the temperature of the solder was much 
above the boiling point of water at 1500 lb/in? (about 
314° C) the main cracking occurred as much as } in. 
above the level of the solder. A section through such 
a specimen is shown in Fig. 21. The most reasonable 
explanation for the failure occurring so much higher 
than the place where the heat is supplied is that the 
lower end of the specimen becomes filled with super- 
heated steam and the main cracking occurs where the 
boiling is actually taking place. In two tests where 
the temperature of the solder bath was only just high 
enough to cause boiling, the failure occurred much 
lower and within the region immersed in the solder. 

Only one test has been carried out with a smaller 
sodium chloride concentration, 10 p.p.m., but here no 
cracking was found in 200 h. It is not, however, safe 
to assume from this that 10 p.p.m. is a safe chloride 
level, since it seems almost certain that given time 
and the correct sort of gap, cracking will occur at very 
much lower concentrations. 
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Fig. 20—Taper-type specimen showing cracking origi- 
nating from crevice between specimen and plug 
< 50 


Ammonia 

It has been shown above that ammonia, when 
present in a sufficient concentration, was an inhibitor 
Only three tests have been carried out using 100 p.p.m 
chloride and N or N/10 ammonia. No cracking 
was found with N ammonia, supporting the previous 
conclusions, but since a considerable concentration 
is necessary this may not be of practical interest. 
It is not possible at the present stage to calculate 
how much ammonia would be necessary at a lowe! 
chloride level. 


Aeration 
With the apparatus in its present form, it is diffi- 
cult to control aeration or de-aeration. In all the 


tests so far described a considerable quantity of an 
was added, but naturally much of this air would find 
its way into the surge tank, P. One test with 100 
p.p.m. chloride was carried out without the addition 
of air, while in another 500 |b in? hydrogen was added. 
Both these tests failed reasonably quickly (see Table 
VI) but it may well be that oxygen was still present 
even in the test in which hydrogen was present, be- 
cause no catalyst was added to ensure the reaction of 
the two gases. 
Cathodic Protection 

It is known that cathodic protection can prevent 
cracking in boiling chloride solutions such as 42 
MgCl,. In dry steam there is no hope of protection, 
but if, as it is assumed, cracking is due to the presence 
of electrolyte, cathodic protection might be possible 


in special cases. A taper-type specimen was therefore 





Fig. 21—Section through cracked lever-type specimen 


AUGUST, 1957 


Fig. 22—Oxidation and cracking of chloride contamin- 
ated specimen in superheated steam; test no. 40D, 
Table III < 200 
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Fig. 23—Detail of part of the field in 
Fig. 22. Arrows indicate niobium 
carbide particles x 1000 


Fig. 24—Taper-type specimen made 
from an 18-8 Nb steel showing 
unattacked 6-ferrite stringers 

x 200 


Fig. 25—Details of selective corrosion 
of austenite in a duplex 18-8-3-1 
Cr-Ni-Mo-Ti steel < 1000 
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stressed, using a plug made from an 18°, Mn steel, 
which has expansion properties similar to stainless 
steel and from a corrosion point of view is somewhat 
similar to mild steel. In this case no cracking was 
found in the gap between the specimen and the plug, 
but cracking was present somewhat above the plug. 
The indications, therefore, were that the plug con- 
ferred some cathodic protection on the specimen, 
but that this was effective only over a very short 
distance. A test on a lever-stressed specimen in 
which a mild-steel wire was inserted in the centre 
failed in the usual time, confirming that except in 
special circumstances there is probably little practical 
value in cathodic protection in this case. 


TESTS IN WORKS STEAM 

Most of the austenitic steels, including high-nickel 
grades, placed in the boiler drum, failed in less than 
6 months, but the ferritic and low-alloy steels were 
uncracked. Figure 10 shows some of the specimens 
after being removed from the holder and bent further 
to open cracks. 

It was somewhat difficult to examine the specimens 
placed in the superheated steam at various time 
intervals, but a final examination was carried out 
after 400 days, when only one of the 40 specimens 
had actually failed ; of the remainder most of the 15-8 
steels were cracked to some extent but none of the 
18-12 or higher nickel steels had cracked. The high- 
carbon and insufficiently stabilized steels had cracked 
by intercrystalline stress corrosion. 

It is assumed that these failures were due to the 
presence of impurities in the water and to carry-over 
into the superheated steam. It is obvious from these 
tests that stress-corrosion cracking of highly stressed 
austenitic steels is likely to occur in the drums of 
low-grade boilers, but the danger seems to be less 
away from the drum itself. 

Steam from these same boilers, as mentioned under 
Live Steam, above, was further superheated to 650° C, 
using an 18-8 Ti steel tube, and passed through a 
test chamber in which the temperature was controlled 
as near as possible to 650° C, 

Various operating difficulties were experienced 
with the apparatus and the longest successful run 
was for 3653 h on two specimens stressed to 3 and 6 
tons/in? when, because of a major breakdown, the 
test had to be interrupted. 

No cracks have been found in any of the specimens 
tested in this apparatus, nor for that matter in the 
superheater tube, which was cut up for examination 
after an estimated total life of 10,000 h. This tube 
was 18 gauge, } in. internal dia., with stresses present 
due to normal fabrication and expansion effects. 


MICROGRAPHICAL CHARACTERISTICS 

In general, there is no difference in the micrograph- 
ical appearance of cracks produced in steam and 
those produced in 42°, MgCl, or other concentrated 
chloride solution. Presumably this is because the 
tests in steam are fundamentally similar to those in 
concentrated chloride solution. Nothing was found 
in the appearance of cracks due to caustic to distin- 
guish them from those due to chloride. 

The only specimens which were at all different from 
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what is normally expected in concentrated chloride 
were those tested in slightly superheated steam, and 
the taper-type specimens in regions where the tempera- 
ture in all probability had been rather high. In 
these cases the cracking was associated with oxidation, 
often in the shape of pits, and the cracks were 
filled with corrosion products. Figures 22 and 25 
show the effect on a specimen tested at 370° C and 
1500 Ib/in?. Incidentally, the micrographs also show 
a crack going round and also cracking a niobium 
carbide particle. In somewhat superheated steam, 
6-ferrite when present in the steel is not attacked, as 
shown in Fig. 24 which was taken on one of the taper- 
type specimens. ‘This is particularly well shown in 
Fig. 25 which was taken on an 18-8—3-—1 Cr—Ni-Mo-Ti 
steel used in making some of the apparatus and which 
failed during service. 


SUMMARY AND CONCLUSIONS 


Although austenitic stainless steels are often used 
successfully in practice in the presence of steam, 
stress corrosion seems to be a real danger when high 
stresses are present. The evidence so far obtained 
indicates that this type of cracking occurs only unde 
pressure and temperature conditions which are con- 
sistent with the presence of a film of electrolyte on 
the steel surface, and only if certain impurities, such 
as chloride and caustic, are also present. 


In highly superheated steam, such as 600° C and 
1500 |b/in?, no stress-corrosion cracking has been 
found. Provided the steel surface is clean, ordinary 


creep data should be applicable in steam, but prema- 
ture failures are likely with steel contaminated with 
chlorides, due to an oxidation effect. This effect is 
more important in air than in steam and presumably 
is not confined to austenitic steels. 

At lower temperatures, and particularly 
about 400° C, stress corrosion can occur with 
Ib/in? steam, but probably only if the steel is con- 
taminated with certain substances such as chlorides 
and caustic. As far as could be ascertained, no stress 
corrosion occurs under really pure steam conditions. 

The cracking with chloride contamination is rapid 
only near the dewpoint and it is slow at 20° C super- 
heat. At much higher superheat values it may not 
occur. With caustic contamination there is cracking 
even at high superheat values. 

Oxygen seems to be necessary for chloride cracking, 
but not for caustic cracking. 

Contamination of the steel with chlorides or caustic 
may occur on evaporating surfaces and, in particular, 
in restricted spaces where concentration of impurities 
takes place. Carry-over of impure water from boilers 
is also a possible source of contamination. The 
presence of soluble impurities in the steam is con- 
sidered less likely in practice, but not impossible. 

All the conventional austenitic stee! compositions 
are considered susceptible to stress corrosion under 
really bad conditions. The 12°, Ni steels may offet 
a slight advantage under borderline conditions, but 
work not fully described showed that even an 18°, 
Ni steel is not fully resistant to cracking. A 30°, Ni 
steel did show a considerable improvement. 

The appearance of the cracks, both with caustic 
and chloride contamination, is generally similar to 


below 
L50ou 
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that previously found with boiling chloride solutions. 
In slightly superheated steam it is associated with a 
distinct type of corrosion which is described. 

It has also been found that stress-corrosion cracking 
is possible at elevated temperatures in high-pressure 
air, and presumably other oxygen-containing gases, 
if the steel is contaminated with wet chlorides. 





HANSEN AND LANGER: PRECIPITATION OF e-CARBIDE 


Acknowledgments 
The authors wish to thank Dr. C. Sykes, Managing 
Director of Thos. Firth and John Brown, Ltd., for 
permission to publish this paper. They also wish to 
thank Dr. Finniston for the interest taken in the work, 
and to acknowledge the assistance obtained from the 
A.E.R.E., Harwell. 


References 
1. H. J. Rocwa: Stahl u. Hisen, 1942, vol. 62, pp. Handbook,” pp. 174-1582, 1948, New York, John 
1091-1094; W. ToFrauTE and H. J. RocHa: Tecn. Wiley and Sons, Inc. 
Met., 1950, Dec. pp. 427-434. 4. T. P. Hoar and J. G. HINEs: J. Iron Steel Inst., 


2. C. EDELEANU: J. Iron Steel Inst., 1953, vol. 173, 
pp. 140-146. 

3. M. A. ScHEIL: Symposium on Stress Corrosion 
Cracking of Metals, (1944), pp. 395-410: 1945, 
York, Pa., American Society for Testing Materials, 
and American Institute of Mining and Metal- 
lurgical Engineers; M. A. ScHEru: ‘‘ Corrosion 


1956, vol. 182, pp. 124-143. 
. J. A. COLLINS: Corrosion, 1955, vol. 11, 
6. F. L. LA QUE: Private communication. 


pp. 27-33. 


Or 


7. T. E. EvANs: Private communication. 
8. W. L. WILLIAMS and J. F. EcKEL: J. Amer. Soc. 


Naval Eng., 1956, vol. 68, pp. 98-103. 





The Precipitation oi 


s-carbide 


By \. Hansen 
and E. W. Langer, M.Sc. 


by Ageing of Soit Steel 


Introduction 
SEVERAL INVESTIGATIONS of the precipitation 
of carbide phases in soft steels at relatively low tem- 
peratures have been made but nevertheless the exact 
shape of the precipitated particles has not yet been 
determined with certainty. 

Zener! measured the internal friction and calcu- 
lated, by means of growth equations for different 
shapes of the precipitate, that carbon is rejected from 
a supersaturated ferrite as spherical carbide particles. 

Radavich and Wert? used the electron microscope 
to investigate a steel which was supersaturated with 
0.015% carbon and aged for 25 min at 300°C. In 
this case too, the particles appeared to be spherical. 
The replica material used in their work was Formvar. 

A plate-like precipitate has been observed by Tsou, 
Nutting, and Menter* who identified the particles as 
e-carbide by electron diffraction. The lattice para- 
meters measured were in agreement with the values 
given by Jack‘ for e-carbide. Their specimens were 
supersaturated with 0-015°% carbon and the replica 
material used was Formvar. 

Lement, Averbach, and Cohen® have observed car- 
bide precipitation of a two-dimensional or film-like 
character. Their specimens were aged for 1 h at 
200-300° C and the supersaturation was about 0-15% 
carbon. Their replica material was Parlodion. 
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SYNOPSIS 
The ageing process at 250° C in a soft steel has been followed 
with the electron microscope. The first visible precipitate is 
observed after peak hardness values have been passed; the precipi- 
tated particles are needle-shaped and do not change in appearance 
on ageing up to 18 h. 1389 


By X-ray diffraction Jack* found e-carbide to be 
needle-shaped with the needles growing parallel to the 
[101]-directions of the ferrite. His results were 
obtained on a steel with 1-3°, carbon, tempered at 
120° C for 5 days after quenching. 

It was decided to study the precipitation during the 
ageing process by means of collodion replicas in order 
to check the results obtained with Formvar replicas. 

EXPERIMENTAL 

The material used for the investigation was a basic 
O.H. steel, supplied by Det Danske Staalvalseverk, 
Frederiksverk. The composition was: 


C, % Mn, % Si, % P, % 8, % Cr, % 
0-13 0°77 0-17 0-017 0-035 0-09 
Ni, % Cu, % N, % Al, % 

0-07 0-22 0-005 0-002 





Manuscript received 27th December, 1956. The 
authors are at the Metallurgical Laboratory of the Danish 
Technical University, Copenhagen. 
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Fig. 1—Variation in hardness with ageing time 


Specimens were austenitized for 4 h at 950°C, 
furnace-cooled to 680° C, kept at this temperature for 
2 h, and quenched in water to room temperature. 
Within 10 min of quenching most were heated to 
250° C and aged at this temperature; when this was 
not posible other specimens were stored at — 30°C 
until the beginning of the ageing treatment. The 
ageing times were 7, 20, 40, 60 min, 6 and 18 h. 
Hardness values of all specimens were determined. 

After mechanical polishing the specimens were 
etched by immersion in a mixture of nitric and picric 
acids in alcohol for 60 s.6 The replicas were made 
from a 2% solution of collodion in ether and iso- 
amylacetate, and dry stripped. Two replicas were 
made from each specimen. With the first replica, 
fragments of carbide particles which had been partly 
exposed and loosened by the etching operation could 
be removed for examination, while the second one 
showed the surface topography in the ordinary way. 

The replicas were shadowcast with palladium at an 
angle of 45°. The collodion replicas were found to be 
very resistant to the electron bombardment in the 
microscope. 





Fig, 2—Aged for 20 min at 250°C. Black needles are 
seen in the grains and in the grain-boundary area 
x 6000 
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A number of needles have 


Fig. 3—Aged as in Fig. 2. 
25,000 


agglomerated during preparation 


RESULTS 

The variation in hardness with ageing time is shown 
in Fig. 1, from which it can be seen that peak hardness 
is reached within 5-7 min. No precipitate is then 
visible in the structure. 

After 20 min of ageing, precipitated particles which 
seem to be needle-shaped appear as shown in Fig. 2 

It should be emphasized that the needle-shaped 
black crystals are real carbide particles, and not 
impressions in the plastic material. This is proved 
by the fact that they are able to give reflection spots 
when subjected to the electron beam, a characteristic 
of crystalline substances. 

The particles are partly embedded in the replica 
material and have been removed with this from the 
specimen surface. They are not situated in the plane 
of section but above it, relative to the metal specimen. 
This is clearly seen when an edge of a replica is rolled 


ti... * lhe 


Fig. 4—Aged as in Fig. 2. A needle at higher magnifi- 
cation. The small round particles adhering to the 
needle are, most probably, oxidation products 

< 77,000 
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torn away from the metal surface, 





were arra nged 





‘ig. 5—Aged for 18 h at 250°C. The white impressions 
in the wavy grain are parallel and correspond to 
the shapes of the black needles x 6000 


up through excessive electron bombardment, so that 
the direction of the beam becomes parallel to the 
surface of the replica. 

For these reasons it is the authors’ opinion that the 
observed particles cannot be sections of platelike 
crystals but must be true needles. 

The shape of the precipitate is shown in greater 
detail in Figs. 3 and 4, in which extracted crystalline 
carbide particles are shown. It is assumed that the 
relative positions of the crystals have been somewhat 
changed during the preparation because a very thin 
replica film has been employed in these cases, so that 
the particles are attached rather loosely to it at only 
one end. 

It is obvious that every particle consists of a bigger 
needle on which smaller needles are growing in 
different directions. These may be at right-angles to 
the direction of the big needle, but the magnitude of 
these angles has not been determined. 

In Fig. 2 a grain boundary is visible in which frag- 
ments of needle-shaped crystals can be seen. This 
grain-boundary area forms an oblique step between 
the two ferrite grains which are situated at different 
levels after the etching process. 

At longer ageing times (18 h) no needles are 
observed in the grain-boundary areas. Instead film- 
or band-like crystals can be seen; they seem to be 
very thin cementite crystals. 

As shown in Fig. 4 several particles of about 100 A 
dia. seem to adhere to the needle-shaped crystals. 
It is thought that these particles are oxidation pro- 
ducts, because the replicas have been washed for some 
time in water and it is known’ that oxidation of iron 
carbides occur rather quickly under such circum- 
stances. 

In Fig. 5 white, needle-shaped impressions in the 


replica material and the needles themselves can be 
observed, especially in the grain with the wavy 


surface. The impressions correspond closely to the 
shape of the crystals, and so it is assumed that the 
crystals in their original positions, before they were 
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parallel to each other as the white impressions 
obviously are. 

It has not been possible to observe any growth of 
the needle-shaped particles during ageing from 20 min 
to 18 h. 

The observations can be summed as follows: 

(i) Maximum hardness of the material is reached 
within 5-7 min ageing time 


(ii) After 20 min needle-shaped crystals with smaller 
needles growing on them can be seen 
(iii) The needles most probably are arranged in the 


matrix with preferred orientations 
(iv) The needles do not seem to grow during ageing 
from 20 min to 18 h, except in the grain bound- 
aries, where film- or band-like crystals are 
observed. 
CONCLUSION 

It is improbable that a precipitation of iron nitride 
will occur in the material used because the aluminium 
content is sufficient to combine with all nitrogen 
present. Thus the ageing process must result in 
carbide precipitation. 

The close resemblance between the composition of 
the material and the ageing treatment used in this 
investigation and in the work of Tsou, Nutting, and 
Menter* indicates that the results of the electron 
diffraction work mentioned there can be applied in 
this case and so it is assumed that the observed 
needle-shaped crystals are identical with ¢-carbide. 
The ageing time to peak hardness is in agreement with 
the value obtained by Tsou et al, 

Concerning the shape of the precipitate the observa - 
tions are in perfect agreement with Jack’s findings 
based on X-ray work. According to Jack, e-carbide 
in the beginning of the precipitation process crystal- 
lizes coherently with the matrix along three directions 
at right-angles to each other. It has been observed 
that the smaller needles are growing on the bigger 
ones in directions which might be at right-angles, and 
an arrangement of the needles with preferred orienta- 
tion has also been found. 

The observation of film- or band-like carbide 
crystals in the grain boundaries after 18 h ageing 
seems to be in agreement with the results of Lement, 
Averbach, and Cohen.* 
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A Note on the Transformation 


of Austenitic Manganese Sieel 


THE SIMULTANEOUS DEVELOPMENT of hard- 
ness and magnetism in Hadfield manganese steel when 
cold-worked led an older generation to assume that 
the steel had become martensitic. Doubt has long 
been cast on the validity of this change, and this view 
is now known to be erroneous. 

Hadfield manganese steel (nominal 1-2°, C, 12%, 
Mn) has a marked cold-working capacity, from 200 to 
over 550 D.P.N., but the manner of working is 
important: reduction by hammering will produce not 
only hardness but also strong magnetism, whereas a 
similar reduction in area effected by slowly pulling a 
tensile test piece may leave the steel entirely non- 
magnetic (a similar effect is observable with some 
18-8 austenitic steels). 

Many steels which may be retained in the wholly 
austenitic condition at room temperature can be made 
to transform to martensite by appropriate sub- 
zero cooling, i.e. their M, temperatures lie some way 
below 0° C. Such transformation may sometimes 
lead to mechanical failure. With Hadfield manganese 
steel this change does not occur, i.e. the M; transforma- 
tion seems to be completely suppressed. This was 
shown by Colbeck,! who found no martensite, even by 
X-ray investigation, after immersion in liquid air, 
nor was there any permanent change of mechanical 
properties, though austenitic manganese steel does 
show reduced ductility, of course, when tested at these 
low temperatures. If the steel is decarburized, how- 
ever, the lower carbon portions w/l transform. 

Over the last six years a series of ad hoc experiments 
has been conducted in the author’s laboratories to 
investigate the behaviour of this material, and the 
results obtained, though limited, are considered to be 
worth publishing because the old martensite theory 
is still not entirely discarded by many metallurgists. 


Isothermal Treatments 

Results obtained by previous workers on the effects 
of reheating quenched austenitic manganese steels 
were studied and where possible were plotted on a time 
base. These results, especially those of Krivobok,* 
suggested that transformation should conform to an S- 
curve with a nose at about 500° C (though evidence 
above this temperature was scanty) and with a very 
marked sweep-back on the curve at about 375°C. 
Treatments were initiated to test this curve. 
Procedure 

The steel used was 3-in. dia. hot-rolled rod (1-13°, 
C, 11-7% Mn, 0-27% Si, 0-018% 8S, 0-063°, P). 
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By A. E. W. Smith, B.Se., Ph.D. 


SYNOPSIS 


A series of isothermal treatments of quenched austenitic (Hadfield) 
manganese steel has shown the main features of the transformation 
and enabled a tentative S-curve to be drawn. Further work. on 
pre-strained and unstrained material, is continuing. 1361 


Specimens were machined* to about $ in. dia. 


s in. thick and were austenitized in dry nitrogen for 
periods up to 2 h at 1050°C and water-quenched. 
Initally, isothermal treatments above 350°C were 
given in dry nitrogen, and at 350° C and below in a 
non-inflammable liquid bath. Later confirmatory 
tests below 350° C were given in air, and short-time 
higher-temperature tests were made in circulating 
air or a lead bath. Hardness tests were made before 
and after treatment. The change in all specimens was 
followed by micro-examination. 

The procedures adopted had to overcome three 

awkward features of this type of steel: 

(i) Its readiness to decarburize and thus provide on 
the surface a false, enhanced degree of transforma 
tion. 

(ii) Its readiness to work-harden during surface 
preparation, which necessitated all hardness tests 
being done on etched micro-specimens. 

(iii) Its tendency to form a tough surface skin on 
etching. Satisfactory results were obtained by 
polishing with diamond paste and etching in a 
2°) nital solution, with no agitation. 

The above features may certainly account for some 
of the contradictions in early literature. 


Results 

These are plotted in Fig. 1, and they confirm that 
the tentative S-curve is basically correct. 

As expected from the hyper-eutectoid composition, 
the change in microstructure begins with separation 
of excess carbide, first as grain-boundary films (Fig. 2) 
and then as fine needles within the grains (Fig. 3). 
Below the nose the grain-boundary separation is fai 
less evident and below 375° C it is not seen at all (Fig. 
6). In the middle portion of the curve the carbide 
separation is followed by formation of nodular 
areas (Fig. 4) whose structure in the higher tempera- 
ture range is found, at high magnifications, to be 
lamellar (Fig. 5); they are therefore termed ‘ pearlitic.’ 





Manuscript received 20th September, 1956. 

Dr. Smith is Head of the Metallurgy Branch of the 
Royal Military College of Science, Shrivenham. 

* Despite their high hardening capacity, some batches 
of manganese steel are fairly readily turned in the lathe 
and one was even cut by hand hacksaw and drilled. 
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Fig. 1—Isothermal transformation diagram for Hadfield manganese steel (11-7% Mn, 1-13% C), W.Q. from 
1050° C and reheated to temperatures shown 


These nodules occur most readily at 600° C, beginning 
to appear after heating for only 10 min, and are 
found almost entirely in grain boundaries and around 
inclusions. 

Above about 650°C the appearance of both free 
carbide and pearlitic carbide changes owing to the 
progressive effect of spheroidization with increasing 
time and temperature. The extremely fine needles and 
thin boundary films are coarsened and_balled-up 
(Fig. 7). 

The Acm temperature has been found at about 
920° C by studying the re-absorption of carbide in 
transformed specimens but, owing to the sluggishness 
of the reaction, the accuracy is certainly not better 
than + 5°C. Between A,» and the upper arm of the 
pearlitic curve, separation is of free carbide only. 

Transformation below about 375°C is extremely 
slow, at least 5h being required at 350° C before any 
change becomes detectable, while at 250° C no change 
at all is found even after 7 days’ continuous heating. 

The microstructural changes are accompanied by 


Fig. 2—Carbide film at grain boundary; 5 min at 800° C, 
220 D.P.N. x 625 
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increase of hardness, which occurs in two stages: 
first with the separation of carbide and again with 
pearlite formation. Starting with an initial value of 
200 D.P.N., the highest figure reached in the present 
limited series was 345 after 12 h at 650°C, but an 
independent test after 60 h at 500° C gave 483 D.P.N. 
Table I gives a series of these changes. 


Discussion 

The high position of the nose of the curve, near 
700° C, and the very rapid rate of response in this 
vicinity was unexpected in view of previous literature, 
but the recent work by Irvine’ shows that this is not 
an isolated case. 

In comparison with this rapid response, the marked 
delay below 375° C is very noticeable and it helps to 
explain known behaviour, in that the steel may be 
cold-worked and yet remain in the austenitic condi- 
tion, provided that the heat from working is dissipated 
and never allowed to raise the material out of this 
low-temperature zone; hence the possibility of pulling 





Fig. 3—Interlacing carbide needles; 20 min at 500° C, 
226 D.P.N. x 625 
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Fig. 4—Carbide needles plus nodular pearlitic areas; 
150 min at 600°C, 251 D.P.N. x 625 


non-magnetic test pieces. Microstructures of such 
cold-worked austenite may be found in many papers 
(e.g. Fig. 27 of reference 7, and references 5a, b, and ¢). 
Where work is done by hammering or by friction, 
however, local temperatures in conjunction with 
strain may rise to levels at which transformation will 
occur quite readily and the material will become not 
only hard but also magnetic. The development of 
magnetism, in the sense that it may be detected by a 
hand magnet, is mainly associated with the formation 
of the pearlitic nodules. This constituent consists* of 
a-phase and (Fe,Mn),C. French workers? have 
recently confirmed that the nodules are lamellar in 
structure, not only at higher temperatures as revealed 
by the optical microscope, but also at 500° C in much 
finer form, as revealed by the electron microscope. 
Their X-ray analysis has further shown that the 
carbide needles and plates have a high manganese 
content. 

Elucidation of the zones of Fig. 1 requires con- 
sideration of the ternary system Fe-Mn-C. This has 
been investigated by several workers* ® and sections 
through the system have been reproduced. These 
show, as is normal in ternary eutectoid systems, that 
the preliminary separation of binary phases (i.e. 
austenite depositing alpha —- carbide) occurs not at a 





Fig. 5—Lamellar nature of pearlitic constituent formed 
around a slag inclusion; 300 min at 650° C, 225 D.P.N. 
1500 
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Fig. 6—Carbide needles in austenite; 24h at 350°C, 
198 D.P.N. 625 
single A, point but over a range of temperature, 
whose upper limit (here called Ae’) indicates the 


beginning of the change on cooling and the lower 
(Ae”’) its end. Fora 12°, Mn. 1°, C steel these change 
points are shown by Wells's curves® to be approxi- 
mately 680°C (Ae’) and 380°C (Ae). Holding 
between these temperatures will always thus provide 
some unchanged austenite. Moreover, since this 
composition of steel has insufficient manganese to 
bring it within the triangle of compositions where 
true ternary eutectoid is formed, none is found in the 
present alloy. With sufficiently slow cooling the 
equilibrium structure below Ae’ will therefore 
contain only carbide alpha. Extremely long 
times would be required, however, to reach this 
equilibrium via isothermal treatment of quenched 
austenite. The author knows of no case where pro- 
longed treatment, even for years, has brought this 
change about and for practical purposes it therefore 
seems that at ambient temperature the austenite is 
stable. 

The rate of the isothermal changes will vary with 
composition; it is also expected that initial cold 
straining of the austenite will not only increase the 
rate but will also reduce the temperature of the change 
at the nose. For this reason further tests are proceed- 
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Fig. 7—Spheroidized carbide boundary film; 50 min 
at 800° C, 227 D.P.N. 625 
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Table I 
HARDNESS VALUES DEVELOPED AFTER THE ISOTHERMAL TREATMENTS INDICATED 
350° C 450°C 500° C 550° C 600° C 650° C 700° C 
- - SEE EEE $$$ ——_—_——_—— —— Micro- 
Hard- Hard- Hard- | Hard- Hard- Hard- era-| “Gicareea 
Time ness, Time ness, Time ness, Time ness, Time ness, Time ness, Time ness, 
D.P.N. D.P.N. D.P.N. D.P.N. .P.N D.P.N. D.P.N. 
100 min 200 3 min 203 2 min 204 Unchanged 
austenite 
| 
300 min 199* 10 min 216* 5 min 217* 5 min 235 14 min 216* 2min| 223 Austenite 
+ carbide 
24h 198 15 min 224 15 min 227 10 min 230 2 min 220 10 min 235 lh 201 
48h 203 20 min 227 2h 218 
l4th 233 30 min 234 60 min 260 20 min 232 4h 219 
300 min 280 110 min 320 30 min 280 60 min 226 Austenite 
| + carbide | 
60 min 306 90 min 236 + pearlitic 
constituent 
150 min 251 
250 min 280 12h 345 
* Trace only of carbide 
ing on pre-strained specimens taken from the same austenite may be regarded as stable at ambient 


bar of material. 
Conclusions 

(1) Quenched austenitic (Hadfield) manganese steel 
transforms isothermally in accordance with an S- 
curve. 

(2) The primary change at all temperatures is the 
separation of excess carbide. This appears throughout 
the structure as fine interlacing needles but, at the 
upper temperatures, their formation is preceded 
by the separation of fine films of carbide in the grain 
boundaries. 

(3) In the middle temperature range (about 
400-750° C), carbide separation is followed by the 
formation of fine lamellar pearlite in the shape of 
nodules spreading from grain boundaries. Below 
about 550° C the lamell are irresolvable, even by oil 
immersion lens, and above about 650° C the effect of 
spheroidization is increasingly evident. Since this is a 
ternary system, the pre-eutectoid change will extend 
over a range of temperature (here designated Ae’ to 


temperature. 

(6) No martensite has been found by any isothermal 
treatment, nor has the literature provided any 
conclusive evidence of its formation in this type of 
steel. 
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Sub-structures in Ferrite* 


By P. SamMvuet and A. G. QUARRELL 


Professor Axel Hultgren wrote: Ina paper with Herr- 
lander, it was shown that veining in ferrite, as brought 
out by etching in picral, results from plastic deformation 
at high temperatures below A;, carried out under con- 
ditions precluding recrystallization, which would cause 
the veined grains to be superseded by a set of vein-free 
grains. This conclusion was reached after numerous 
experiments showed a pronounced effect of temperature 
and amount and rate of deformation on the veining 
pattern, its spacing, and degree of regularity, and on 
changes in grain-boundary shape connected with the 
veining pattern. 

Veining was also found in specimens not intentionally 
deformed but having undergone the y -> a transforma- 


tion. It was concluded that this was a special case of 


hot deformation resulting from stresses set up during 
transformation. Attempts were made to reduce such 
veining by slow cooling through Ar;. For two steels so 
treated, no veining was found in the structure; in a third, 
although cooled at a rate of only 3° C/h, some veining 
was present. The latter results agree fairly well with the 
results obtained in similar tests by the authors. 

The authors of this paper appear to agree with our 
conclusion that veining is caused by transformation, 
although they have not succeeded in preventing veining 
from forming by slow cooling. They also find, like other 
investigators, that recrystallization removes veining. 

Strangely enough, however, they appear not to accept 
our conclusion that veining results from hot deformation. 
In other words, according to the authors’ view, veining 
would be produced, not by intentional hot deformation. 
but by unintentional hot deformation associated with 
transformation! There is no mention in the paper of 
any hot-deformation tests. If such tests were performed, 
what were the results? 

The authors state that in the absence of transforma- 
tion the dislocation source is less definite and the ap- 
pearance of veining is likely to depend much more on the 
mechanical history of the metal. This is not evident. It 
might rather be pointed out that, after intentional 
deformation at a temperature below Ag, the dislocation 
source is more definite than after transformation, and 
veining may be a dominant feature of the structure. 





* J. Iron Steel Inst., 1956, vol. 182, pp. 20-30. 
+ Reference 24 of the paper. 
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The authors refer to their Fig. 4 (of a specimen heated 
to 800° C after cold working) as showing some resemblance 
to a-veining networks, these being, however, distinguish- 
able from a-veining they disappear through 
recrystallization on continued annealing. The 
that distinction escapes the writer, it being agreed that 
on recrystallization the deformed grains are replaced 
In this connection reference might 


because 
logic of 


by vein-free grains. 
be made to numerous papers dealing with sub-boundaries 
in various metals, as formed during deformation or on 
heating after deformation. 

It is not claimed that veining formed on transforma 
tion may not differ from veining formed on hot deforma- 
tion, but essentially the same phenomenon of polygoniza- 
tion should be involved in both. Furthermore, the con- 


ditions governing the mechanism of veining would 
appear to be better controlled during a deformation 


experiment. 

In a later investigation with Josefsson, 
Lagerbergt hot-deformation tests have been carried out 
on 5-mm dia. rods of several soft steels of different purity 


Kula, and 


and under various conditions. A few of the results may 
be of interest. Most specimens were deformed at 700 
750° C and quenched in water. Irrespective of degree of 
purity, abundant veining was present in a// specimens 


after such treatment. Veining is here defined as sub 
boundary lines, plainly visible after etching, which was 
usually carried out alternately in 4°, picral and 1°, nital 


for moderate periods. At least three modes of vein etching 
were observed (grains more or less passive to the etchant 


owing to special orientation are excluded): (a) ridge 
veining, (b) groove veining, and (c) level veining, the 
latter involving difference in level between adjacent 


sub-grains. All three modes of etching occurred in the 
same specimen, variously combined, except in specimens 
of low dissolved impurity content where (a) was absent. 

The authors’ conclusion that impurity atoms concen- 
trate in sub-boundaries thus receives support. 

The authors use the term * normal veining,’ apparently 
for sub-boundaries visible as ridges after etching; yet 
they speak of preferential attack at sub-boundaries. 
Grooved sub-boundaries appear not to be mentioned. 

The great number of observations on veining presented 





* To be published in J. ron Steel Inst. 
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by the authors merits more detailed consideration than 
can be given here. The writer and his collaborators hope 
to revert to this matter when presenting their own 
results. 

AUTHORS’ REPLY 

Dr. P. Samuel and Professor A. G. Quarrell (Sheffield 
University) wrote: We are grateful to Professor Hultgren 
for hiscomments and are glad to see that he is largely in 
agreement with us, notably regarding the segregation of 
impurity atoms at the sub-boundaries. The chief point 
of difference between us concerns the stability of a- 
veining. What we have termed a-veining in our paper is 
a particularly stable sub-structure which is unaffected 
by prolonged annealing in the a-range, e.g. up to 9 days 
at 850°C. In order to eliminate a-veining from such 
specimens it is necessary to deform them so that re- 
crystallization will occur on reheating in the a-range. 
Reference to Fig. 8 of the paper by Hultgren and Herr- 
lander shows that recrystallization has commenced in the 
specimen deformed slowly at 850° C. Some of the grains 
are recrystallized but a sub-structure is evident in the 
remainder. Presumably, for the reasons given below, 
more prolonged holding in the a-range would have 
caused complete recrystallization and disappearance of 
the sub-structure. In this respect the sub-structure 
resembles that in our Fig. 4 and differs from what we have 
salled a-veining. 

In the various sub-structures that have been discussed 
there will be walls of dislocations separating the blocks of 
the sub-structure. Such differences as exist between 
the sub-structure of our Fig. 4 and that which we have 
termed a-veining must consist of differences in the type of 
dislocation arrays present. It is-known that the disloca- 
tion walls in a polygonized structure resulting from 
annealing a bent crystal are very stable and consist of 
dislocations all of the same sign. On the other hand, if 
dislocations of both signs are present, conditions are 
favourable for the formation of strain-free nuclei from 
which new grains will grow. On this basis what we have 
termed a-veining must be associated with a stable 
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dislocation network. It will not itself give rise to re- 
crystallization; indeed it is necessary to introduce more 
dislocations by further deformation before this process 
can occur. 

In our work there appeared to be a definite associ- 
ation between a-veining and the transformation stresses. 
Presumably these were of the right kind to produce 
a very stable dislocation network. We would not go so 
far as to say that intentional hot deformation could 
not produce a similar effect, but there would be a con- 
siderable chance that an unstable sub-structure would 
result. 

It is clear that we have used the term a-veining in a 
more specialized sense than Professor Hultgren, because 
we have been concerned with those special features of 
veining in iron that are not observed in other metals. If 
our definition of a-veining is accepted, any hot-deforma- 
tion test must be followed by prolonged annealing in the 
a-range to test the stability of the sub-structure. It 
would seem to us that useful information on the 
mechanism of a-veining would result from deforming 
single crystals of ferrite, but we are less sure of the value 
of hot-deformation tests on polycrystalline specimens 
involving relatively complex stress systems. We are 
interested in the results of Professor Hultgren’s hot- 
deformation tests at 700-750°C. If the veining he 
observed persisted after prolonged annealing we should 
regard it as a-veining. If it disappeared, however, we 
should regard it as a less stable sub-structure of the type 
that is commonly observed in other metals. 

We must apologize for incorrect wording on p. 
where we refer to ‘preferential attack of the sub- 
structure boundaries’ by picral. In fact the sub- 
structure boundaries were more resistant to attack by 
the etchant, as Professor Hultgren rightly deduces from 
the fact that our ‘ normal veining ’ was visible as ridges 
after etching. 

Grooved sub-boundaries were observed in partially 
recrystallized specimens and also when the sub-structure 
was visible only after etching in nital-picral (see first 
paragraph of discussion on p. 27). 
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Graphite Electrode Consumption in Arc Furnaces* 


By T. 


Mr. J. R. Miller (Ramseyer and Miller Inc., New York, 
U.S.A.) wrote: I read the paper with keen interest. These 
studies of arc-furnace electrode consumption touch on a 
subject which has sorely needed analysis for a very long 
time. However, the conclusions in the paper leave me 
greatly puzzled. They are contrary to every practical 
experience with which we have become familiar after 
many years of work and study of electric steel-melting 
furnaces. 

The analysis and curves indicate that electrode con- 


sumption in a given furnace is a direct linear function of 


electrode surface area. Even more important, it is 
stated that the degree of correlation is so significant as to 
be ‘ well nigh independent of any other factor.”’ 

I would like to quote from a papert prepared in this 





* J. Iron Steel Inst., 1957, March, vol. 185, pp. 328-332. 
+ C. F. Ramseyer, Iron Steel Eng., 1951, vol. 28, 
June, pp. 57-67. 
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office some six years ago: “‘ The main savings in elec- 
trode consumption, however, are anticipated from the 
expected shorter heat times (less time for oxidation), 
the smaller surface per unit of power input, and the better 
current carrying ability of 24-in. compared to 20-in. 
electrodes, Past experience with furnaces 15 ft in dia- 
meter and over indicates that electrode consumption 
decreases, the larger the electrode; one good sized shop 
cut consumption by 2 lb per ton when it changed from 
16 to 20-in. electrodes.” 

Charles Ramseyer and I have, on many occasions 
during the past five or six years, reeommended to clients 
an increase in electrode diameter in their furnaces, to 
reduce electrode consumption. Some of these were carried 
out with the concurrence of furnace operators and 
electric furnace builders of long and varied experience. 
Actual results after these alterations were completed 
confirmed our view, which is entirely contrary to the one 
given in the paper. 
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The observations in the paper are carefully limited to 
the “six 10-ton furnaces’? on which “ the analysis is 
mainly based.” But the sweeping statement which 
practically eliminates all other factors very strongly 
dominates and overshadows this limitation. Indeed, the 
author’s own conclusions are stated as generalities, and 
the introductory phrase * for the size range of furnaces 
considered ”’ is hardly emphasized adequately. 

I have attempted to study the data given in Table IV 
for some key to how an assumed correct statistical 
analysis can lead to a conclusion so much at variance with 


the results found in some melting shops. One factor, of 


course, is that the author is dealing with small furnaces, 
whereas our capacities are four to ten times as great. 
Another factor is that the author’s electrodes range 
from 8 in. to 14 in., and ours from 16 in. to 24 in. But, 
these differences hardly seem to offer sufficient explana- 
tion; the reason, I believe, may lie in part at least in the 
analysis itself. 

The paper seems to me to deal with a relatively 
complex problem in terms of two variables only, while 
we actually have here a set of relationships which is very 
much a matter of multiple correlation and co-variance. 
The highly important factor * degrees of freedom,’ which 
greatly affects ‘ significance level,’ may be given insuffi- 


cient consideration. It is possible, also, that the size of 


the author’s sample is inadequate to be taken as represen- 
tative of the parent population. 

I hope that a study such as this will not be left off at 
the point given in the published paper. It may be that 
there is a marked change in relationship as furnace sizes 
and electrode diameters increase. It may be that laws 


of model analysis apply here; perhaps the effect of 


current density (which not only varies as the square 
while electrode diameter and circumference vary linearly, 
but which also is subject to ‘skin effect ’ and ‘ proximity ’ 
factors) is not too adequately considered; perhaps heat 
time cannot be disregarded. 

In any case, the conclusion may be given in a way that 
may very easily lead to misapplication in the field as a 
whole. I do not suggest that the work which has been 
done may be incorrect; but that it possibly may be 
incomplete. I would be very much interested in learning 
whether the various factors I have mentioned are being 
considered for a later paper, especially correlation with 
furnace size. 


Letters to the Editor 


AUTHOR’S REPLY 

Mr. T. A. Cosh (British Steel Castings Research 
Association) wrote: My conclusion that the electrode 
consumption is directly proportional to the surface area 
of electrode exposed in the surface is not based solely on 
the data relating to the six furnaces of approximately 
10-tons capacity but, as indicated in Fig. 1, is applicable 
toall 18 furnaces. Whilst the correlation in respect of the 
larger number of furnaces is not so pronounced as with 
the six furnaces, the correlation as indicated in Table LV 
is still very significant. Although the sample is small, the 
computation of the significance level takes into considera- 
tion the degrees of freedom involved. Mr. Miller’s 
advocacy of an increased size of electrode resulting in 
decreased consumption is contradicted by McCafferty’s 
data (Tables II and II1), which show an average saving of 
2-4 lb/ton when using 12-in. dia. electrodes in place of 
14-in. electrodes. Glaisher ef a/.* indicate a similar con- 
clusion in trials with 4-in. dia. and 7-in. dia. electrodes in 
a 10-ewt are furnace. In six differing circumstances 
Glaisher indicates a near constancy in the electrode 
consumption expressed as lb/ton/ft? of surface area ex- 
posed, confirming the linear function between electrode 
consumption and surface area. 

There are particular circumstances where increasing 
the size of electrode may result in a decreased consump- 
tion. For example, if the bulk of the consumption is 
due to breakages, a lower consumption could arise from 
increased strength, all other factors being equal; or an 
increased electrode size may be accompanied by an 
increased driving rate which could have a similar effect. 
These cases are surmise on my part and it may well be 
that Mr. Miller has the evidence to confirm or refute them. 

On the facts on which my original conclusions are 
based and in the absence of supporting data to the 
contrary (Ramseyer’s paper makes a somewhat un- 
supported statement), I cannot align myself with Mr. 
Miller’s views. 

[ agree that there is scope for further work. Collecting 
the data is not easy and, for the present, in the U.K. such 
data mainly concern small melting units. More data 
eoupled with multiple correlation could make a more 
convincing argument. 





* W. H. Glaisher, M. Preston, and J. Ravencroft, J. 
Iron Steel Inst., 1956, vol. 183, p. 31. 


High Upper Yield Points in Mild Steel 


IT HAS BEEN SHOWN that it is possible to obtain 
upper yield points in mild steel of the order of 100° 
greater than the lower yield points.‘~* However, in all 
cases exceptional care in the production of the specimens 
has been necessary to reduce stress-concentration factors, 
particularly those occurring at the grips. Previous work 
of this nature has been carried out on specimens which 
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have been produced either by carefully machining a 
large radius between the test section and specimen 
shoulder or by the electrodeposition of ends on wire 
specimens. From the results quoted it would seem that, 
even with these precautions in specimen production, high 
upper vield points could not be consistently obtained. 
In work being carried out at these laboratories, on the 
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Fig. 1—Typical load/extension curve 


LETTERS TO THE EDITOR 


relationship between Cottrell atmosphere densities and 
the value of the upper yield point, it has been necessary 
to produce a large number of annealed mild-steel tension 
specimens in which the stress concentrators are mini- 
mized so that reproducible upper yield points can be 
obtained. This objective has been achieved in the 
following way. 

Mild-steel wire (0:03% C, 0:35% Mn, trace Si, 
0:02% S, 0-026 % P), which was received in the annealed 
condition, was cold-drawn from 0-078 in. dia. to 0-038 in. 
dia. in eleven passes. The central 12 in. of 30-in. lengths 
of this wire was vacuum annealed for 6 h in a furnace in 
which the middle 2 in. was at a constant temperature 
(600° C) with a temperature gradient to each end. The 
wire was supported by hard glass tubing to reduce the 
possibility of bending after annealing. X-ray and 
microscopic examination confirmed that this treatment 
produced a uniform annealed structure in the centre 
of the specimen having a grain size of approximately 
A.S.T.M. 8. 

Specimens were tested at conventional rates of loading 
in an Amsler machine with a dial-gauge attachment on 
the moving head. The cold-worked ends of the specimen 
were gripped in friction grips and no particular care was 
taken with alignment. A typical load/extension curve 
(Fig. 1) shows that the upper yield point is approxi- 
mately 100% greater than the lower point. A testing 
programme on 20 similar specimens gave upper yield 
points which were reproducible to within 2% 

This letter is published with the permission of the 
Chief Scientist, Department of Supply. 

M. M. Hurcuison 


Aeronautical Research Laboratories, 
Department of Supply, 

Melbourne, 

Australia 


14th January, 1957 
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Calculation of the Liquidus Temperature of Blast-furnace Slags 


AS MENTIONED in Baldwin’s paper,! an electronic 
computer was used to calculate the liquidus temperatures 
of blast-furnace slags in accordance with the diagrams 
put forward by Osborne et al.? 
the employment of a computer for interpolation in a 
four-component diagram, some details may be of interest. 

The machine used was a Hollerith HEC2 kindly made 
available by the British Tabulating Machine Co., Ltd. 
The Osborne diagrams show sections through the system 
at intervals of 5% alumina, and lines were taken across 
these at intervals of 2°4 magnesia. On each line, there is 
a relationship between % CaO and the liquidus tempera- 
ture 6, which, though curvilinear, can be approximated 
by a small number of straight lines; six pairs of co- 
ordinates (CaO, @) were found sufficient to define the 
relationship. The coordinate pairs were put in the form 
(100 CaO%) x 216 4+- 6, each occupying a single location 


or ‘word’ of the computer store. With four levels of 


alumina and five of magnesia, the whole of the informa- 
tion occupied 120 words. 
For each slag, four cards were read into the machine 
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As an illustration of 


carrying the analytical percentages of CaO, SiO,, MgO, 
and Al,O;, and these were recalculated to total 100%. 
The percentage of alumina was then used to find two of 
the discrete 5°, levels which bracketed it and an appropri- 
ate weighting was worked out. For each level of alumina 
a similar process led to two levels of magnesia. Four 
interpolations for @ as a function of CaO followed, the 
results being appropriately weighted to give the final 
answer for printing out. As the range of composition 
covered was limited to normal blast-furnace slags, 
facilities were provided to print out code numbers to 
show when any slag lay out of range of the data. 

J. M. Rrpeton 
sritish Iron and Steel Research Association, 
North East Coast Laboratory, 
High Street, 
Normanby, 
Middlesbrough 


1. B. G. BALDWIN: J. Iron Steel Inst., 1957, vol. 187, pp. 388-395 (this issue). 

2. E. F. Osporn, R. C. DE Vrigs, K. G. GEE, and H. M. KRANER: Trans. 
Amer, Inst. Min. Met. Eng., 1954, vol. 200, pp. 33-45; J. Met., 1954, vol. 
6, Jan. 
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Correspondence on the Paper— 


Protection of Refractories by Moving Air Curtains* 


By J. H. Cuesters, C. HOLDEN, and A. D. ROBERTSON 


Mr. J. V. Edwards (The Steel Company of Wales Ltd., 
Abbey Works, Port Talbot.) wrote: The authors observed 
that jets firing vertically downwards produced a vortex 
at the back of the furnace, and noted that an increase 
in the downward flow merely speeded up the vortex 
without changing its general shape. It seems possible 
that reducing the downward flow might slow down the 
vortex until perhaps zero velocity could be obtained. 
They concluded that this device might well reduce 
erosion at the extreme back of the roof, but would in- 
crease erosion nearer the crown. These results are in 
agreement with our own model and plant experience. 
In our own case a single jet was used, placed midway 
along the furnace length, and fired vertically downwards 
from internal roof level at a point almost flush with 
the back wall. Visual observation of the flow pattern 
on a 1/24th scale model of the Abbey (200 ton, twin up- 
take, fixed, oil fired) open-hearth furnace showed that 
such a jet affected the flow pattern downstream of itself 
as far as the outgoing end of the furnace. The reason 
for this is that the notorious swirl up the back wall is 
probably partly helical. Leys and Leight appear to 
have observed such a helix on an air model by using a 
smoke tracer. These tests with a single jet also indicated 
increased erosion nearer the crown, which would increase 
as the jet flow increased. Since this area is normally 
quite thick at the end of a campaign, it was considered 
that a limited increase in the erosion rate could be toler- 
ated there. Thus it was decided to experiment on a 
furnace with a single auxiliary steam jet. The conse- 
quence of using a steam jet was that it could not be 
fired vertically because of the severe damage it would 
cause on the back bank. Tests on a model showed that 
inclining the jet sufficiently to miss the bank would make 
no widespread change in the effect of the jet, but in a 
limited region around the jet itself heavy erosion would 
occur. Because this region appeared limited in contrast 
to normal failure along almost the whole length of the 
roof it was decided to proceed with the furnace trial 
as planned. The auxiliary flow rate selected for this 
trial was too high and the danger of increasing erosion 
near the crown was, unfortunately, demonstrated most 
convincingly. The shop employs a standard roof con- 
struction with a 6-ft strip of * zebra ’ adjacent to the back 
wall. This consists of top-quality silica rings alternating 
with chrome magnesite. Next to this is a 2-ft strip of 
best quality silica which we refer to as the ‘ zebra-plus’. 
Apart from a zebra strip 3 ft wide adjacent to the front 
wall, the rest of the roof is constructed in silica of quality 
slightly inferior to that of the zebra-plus, but still in the 
super-duty class. The normal life of the furnace is 
twelve weeks, after which the zebra is usually unfit 
for further service. In the case of the first trial roof 
the campaign had to be concluded after six weeks and 
five days. The cause of failure is illustrated in Fig. A. 
There was a gouge about 2 ft wide in the lower-quality 
silica which is usually in good condition even after 12 
weeks service. This gouge was bounded by the zebra- 
plus against which there was actually a ste. of roughly 





* J. Iron Steel Inst., 1957, vol. 185, pp. 177-200. 
+ J. A. Leys arid E. T. LEIGH: J. Iron Steel Inst., 
1952, vol. 170, pp. 336-342. 
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4in. It was interesting to note that except for a 
limited area of severe erosion around the jet itself, the 
zebra portion was the thickest part of the remaining 
roof instead of being the cause of failure. 

A second trial was carried out during which a reduced 
auxiliary steam rate was used for only the first seven 
weeks. Two additional precautions were taken: first the 
better-quality silica of the zebra-plus was widened by a 
further 2 ft; secondly, during each charge the auxiliary 
jet was fired only after the scrap was sufficiently melted 
to form a fairly even bath surface. This roof was taken 
off after ten weeks because a heavily eroded region 
around the jet, about 6 ft long by 2 ft wide began to sag. 

Apart from this the roof was, on the whole of remark- 
ably uniform thickness. Further model work is being 
done in the hope that the heavy wear in this compara- 
tively limited region can be so reduced that practical 
benefit can be derived from the device. It is considered 
that this is worth pursuing since in our case the area 
of preferential wear is so extensive that a device such as 
the air curtain with an effect limited to the region of 
application would require fairly large flow rates. 

Dr. Chesters and his colleagues report the interesting 
observation that a low-velocity air curtain offered good 
protection on a velocity-ratio basis. The paper does 
not describe flow-pattern observations with this arrange- 
ment, and it would be interesting to know if the authors 
consider it possible that the effect could have been due 
to sufficient low-energy fluid being introduced into the 
boundary layer to cause a tendency for the gas flow 
to break away from the furnace boundary. We have 
recently considered the possibility that if the gas flow 
could be made to break away from the back wall (or 
for that matter the front wall) it might proceed directly 
to the ‘sink’ of the system, i.e. the flame jet, without 
continuing its path towards the roof. In an attempt 
to verify this principle we sought to enhance breakaway 
in our own model by * anti-streamlining * the back wall as 
illustrated in Fig. B. Figures C1,C2, D1, and D2 compare 
the normal deposition patterns with those obtained 
from the modified structure. These tests show that 
although some particles still arrive at the roof the actual 
quantity is considerably reduced. We have not yet 
made visual tests on the flow pattern, but it seems likely 
that in spite of some continued progress towards the roof, 
due to initial momentum, enhancement of breakaway 
at the back wall can lead to a change in flow pattern 
large enough to have a marked effect on the rate of 
particle-arrival at the roof. From the point of view of 
practical application there are obvious objections to the 
design of Fig. B. Nevertheless, the tests do show that 
the postulation of a more direct flow to the flame by 
enhancing breakaway is probably correct. Thus to the 
few aerodynamic principles already of interest in the 
field of furnace design one more can be added, which 
with further work and much more thought may eventu- 
ally yield improved O.H. furnace roof life. 

Referring to the results of practical trials with air 
curtains, as described by Dr. Chesters and his colleagues, 
there are two points which render it difficult to estimate 
the degree of protection afforded in practice: 

(i) Refractory quality has been mentioned only in 
connection with the seventh trial. Would it be 
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Gouge 


Zebra-plus 


Zebra 


Fig. A—First auxiliary jet trial. Condition of roof after six weeks and five days 


correct to assume that the seven roofs preceding the 
trials were all of a standard. design, and that all the 
trial roofs except the seventh were of that standard 
design ? 

(ii) The actual furnace life seems to have depended 
to a fair extent on the shop programme. Examination 
of the results of the 2nd, 3rd, 4th, 5th, and 8th trials 
give some indication of the magnitude of this effect. 
(The result of the Ist and 7th trials are neglected; the 
first because discrete jets were used instead of a 
continuous curtain, and the seventh because of the 
author’s remarks regarding refractory quality. The 
result of the 6th trial is not quoted). The average 
life of these five roofs was 9-6 weeks, but within the 
group one life of 13 weeks is reported. Thus a 
knowledge of the individual lives of the seven roofs 


preceding the trials together with some estimate of 


any further service of which these may have been 

capable would probably provide a better basis for 

comparison than their reported average life of 8-3 

weeks. 

In conclusion, with the exception of the case of the 
tilting furnace where a comparatively high-velocity 
curtain was used, it would appear from the alumina 
probe results that the value of air curtains in maintaining 
an oxidizing atmosphere has so far been more real than 
their ability to reduce iron-oxide arrival at the roof. 
Although, of course, this in no way reduces the import- 
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------ Modified back-wall contour 


Fig. B—Section of scale model of furnace showing 
modification to back wall 
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ance of any increase in roof life, it would be interesting 
to know the author’s opinion on this point. 


AUTHOR’S REPLY 

Dr. J. H. Chesters (The United Steel Companies Ltd., 
Swinden Laboratories, Rotherham.) wrote in reply: We 
were very glad to read the comments by Mr. Edwards 
on our moving air curtain paper. We know that quite 
a number of people, both here and abroad, are experi- 
menting in this field, and it may well be that co-operation 
between the interested parties will lead to a more positive 
solution. 

The low-velocity curtain referred to in the paper was 
produced from a slot 2 in. wide, instead of } in. wide as 
in the earlier curtains, or 1-14 in. wide in the 5th, 
6th, and 7th installations. To attain the same velocity 
ratio the low-velocity air curtain must pass four times 
the volume of air used with the high-velocity arrange- 
ment. Since the tests were carried out with the air 
stream tangential to the roof, it would tend to hug the 
latter in a manner similar to that shown in Fig. 39. 
Although the flow pattern with this arrangement was not 
specifically examined it is unlikely to differ at all radically 
from that shown in Fig. 30. 

The idea of deflecting the upward flow of dirty gases 
by building the back wall outwards is certainly worth 
considering, as is shown by the effect of the small 
amount of corbelling illustrated in Fig. 31. Indeed 
this may well be one of the advantages in the new Maerz- 
Boelens design. 

We would agree with Mr. Edwards that it is extremely 
difficult to assess the precise effect of a moving air curtain 
in works trials, due to the interference of numerous 
other factors. Thus the individual lives of the seven 
roofs preceding the trials ranged from four to twelve 
weeks, but were complicated by the use of no less than 
four different brands of brick during this period. Fur- 
thermore certain of these roofs would doubtless have 
lasted longer had they not been taken off for shop 
programming. 
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(1) Original design 
(2) Stepped back wall 


(a) Front wall (4) Burner (¢) Back wall 
Fig. C—Tests with fine aluminium powder 


Silerete strips along the back and front of the furnace 
were certainly used from the third roof onwards, and 
the life of the seventh roof was not therefore peculiar 
in this respect, even though on this occasion the silecrete 
strips themselves stood out to an unusual degree, 
presumably because the conditions happened to be such 
as to emphasize the difference in quality between the 
special and standard brand. 

The alumina probe measurements on later installations 
were made with a horizontal-type air curtain. It may 


(b) 


me (C) 
(a) 


(b) 
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(1) Original design 
(2) Stepped back wall 


(a) Front wall (6) Burner (¢) Back wall 
Fig. D—Tests with coarse aluminium powder 


well be that a substantial reduction in iron-oxide deposi- 
tion would be observed with the earlier types of curtain 
blown tangentially to the roof, where the improvement 
in life appears to have been more marked. 

In conclusion we would state that although the demon- 
strable improvement due to the use of moving air curtains 
appears to be small, the management concerned hold the 
view that much more damage would have been done to 
the roofs of this particular furnace, with their difficult 
programme, had not moving air curtains been employed. 





Special Meeting in Belgium and Luxembourg, 1958 


THE IRON AND STEEL INSTITUTE is holding a 
Special Meeting in Belgium and Luxembourg from 18th 
to 28th June, 1958. In honour of the Institute’s visit, 
the Centre National de Recherches Métallurgiques, the 
Groupement des Industries Sidérurgiques Luxem- 
bourgeoises, and the Groupement des Hauts Fourneaux 
et Aciéries Belges are organizing an International Iron 
and Steel Meeting on the general theme of ‘* New 
Developments in Iron and Steelmaking.””’ The Meeting 
will be under the Honorary Presidencies of the following: 
A. H. Ingen-Housz, President of The Iron and Steel 
Institute 

F. Perot, Président du Centre National de Recherches 
Métallurgiques 

L. Bouvier, Président du Groupement des Industries 
Sidérurgiques Luxembourgeoises 

P. van der Rest, Président du Groupement des Hauts 
Fourneaux et Aciéries Belges. 

The full programme of the Meeting, which will include 
technical sessions, works visits, and social functions, will 
be announced later. A provisional programme has been 
prepared for the Technical Sessions, details of which are 
as follows: 

SECTION I—Liége 


Wednesday, 18th June 
lst Session—The Bottom-blown Converter 
A general review paper on pneumatic processes 
including recent developments (O.; O, + H,0O; 
O, + CO,) and control methods (temperature, 
direct analysis, additions, etc.). 
Two papers on French and German experience respec- 
tively. 
2nd Session—Top-blown Oxygen Processes 
Papers on the L.D., Kaldo, Rotor, and Dual Processes. 
Thursday, 19th June 
3rd Session—Steelmaking in the Open-hearth Furnace 
General paper on methods of increasing driving rate 
Paper on recent U.S. developments. 
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4th Session— Large Are Furnaces 
Paper on results achieved in the 150-ton are furnace 
Paper on U.S. experience. 
SECTION II—Luxembourg 
Monday, 23rd June 
5th Session— Low-shaft Furnaces 
General paper on. operating results and experience. 
6th Session New Direct Processes 
Paper on developments in the U.S.A. and Canada. 
Paper on developments in Europe. 
Tuesday, 24th June 
7th Session—Biast-furnace Burden Preparation 
General paper on beneficiation, sintering, pelletizing, 
extrusion etc. 
Additional papers on Luxembourg, French, and 
Swedish experience respectively. 
Sth Session—New Techniques in Blast-furnace Operation 
General paper 
Paper on U.S. experience in the use ef oxygen and 
steam and high top pressure. 


SECTION III—Brussels and Charleroi 


Friday, 27th June (Charleroi 
9th Session— Theory of Continuous Casting and Develop- 
ment of Experimental Machines 

Papers on developments in the U.K. and in Europe 

respectively. 
10th Session—Industrial Applications of Continuous 
Casting 
Papers on experience in the U.K., France, Germany, 
Austria, and the U.S.A. respectively. 

All the papers for presentation at the Meeting will be 
published in the Revue Universelle des Mines in the 
language of origin, with summaries in English, French, 
and German. Preprints will be made available. English 
summaries will be published in the Journal of The Iron 
and Steel Institute, together with selected papers in full. 
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IRON AND STEEL INSTITUTE 
Autumn General Meeting, 1957 


As previously announced, the Autumn General Meeting 
of the Institute is being held on Tuesday, 24th September, 
at 4 Grosvenor Gardens, London, 8.W.1. Full details 
of the programme will be circulated to Members, and 
will also be announced in the September Journal. The 
Meeting will be followed on 25th and 26th September by 
the Engineers Group Meeting on *‘ Air Pollution in the 
Tron and Steel Industry ” at Church House, Westminster. 


Tenth Hatfield Memorial Lecture 
The Tenth Hatfield Memorial Lecture will be delivered 
by Professor Paul Bastien, Director of Research, Société 


des Forges et Ateliers du Creusot, in the Firth Hall of 


the University of Sheffield on Thursday, 28th November, 
1957, at 6.30 p.m. The subject of the Lecture will be 
‘** The Mechanism of the Formation of Banded Structures 
in Steel.”’ Applications for tickets should be sent to the 
Registrar, The University, Sheffield, 10. 


Special Meeting in Belgium and Luxembourg, 1958 

The provisional programme for the technical sessions 
of the Special Meeting to be held in Belgium and Luxem- 
bourg from 17th to 29th June, 1958, is given on p. 435 
of this issue. 


NEWS OF MEMBERS 


Birthday Honours, 1957 


Knights Bachelor 
Mr. Frederick Pickworth, Chairman, English Steel 
Corporation Ltd. 
Mr. William Scott, 0.8.5., J.p., M.I.MECH.E., Managing 
Director, Armstrong-Whitworth (Metal Industries) Ltd. 


C.B.E. 
Dr. J. G. Pearce, Director of Research, British Cast 
Iron Research Association. 
O.B.E. 


Mr. A. Wragg, Manager, Shell Department, and Chief 
Metallurgist, Vickers-Armstrongs (Engineers) Ltd. 





Mr. L. J. Balasundaram is now a Senior Scientific 
Officer in the National Metallurgical Laboratory, Jam- 
shedpur, India. 

The Earl of Balfour, Managing Director of Bruntons 
(Musselburgh) Ltd., has been appointed Chairman of 
the Company. 

The Hon. R. A. Balfour has been appointed Chairman 
of Arthur Balfour and Co., Ltd. 

Dr. C. §. Ball has been appointed Chief Metallurgist 
of the Steel Division of the Steel Company of Wales 
Ltd. in succession to Mr. A. J. K. Honeyman. 

Mr. M. W. Barlow has been appointed Northern 
Regional Sales Manager of Foundry Services Ltd. 
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Mr. G. E. Brooke has been appointed to the Board of 
John Miles and Partners (London) Ltd. 

Major W. R. Brown, D.s.0., has been appointed Chair- 
man and Managing Director of the Power Gas Corpora- 
tion. 

Mr. J. B. Bucher has left Davy and United Engineering 
Co., Ltd., to join Blackburn and General Aircraft Ltd. 

Mr. §. P. Castle is now Assistant Metallurgist at the 
Divisional Headquarters of the Southern Division of 
the Central Electricity Authority, Portsmouth. 

Mr. A. Dearden is now Chief Metallurgist (Foundry) 
of the Daimler Company Ltd., Coventry. 

Mr. F. J. Futcher is now with the Materials Laboratory 
of F. Perkins Ltd., Peterborough. 

Mr. A. Hague is now Manager of the Sheffield Office 
of Honeywell-Brown Ltd. 

Mr. E. C. Hart has resigned his position with Hunting- 
don, Heberlein and Co., Ltd., to become a manufacturers, 
agent for engineering plant and machinery in the iron 
and steel industry. 

Mr. A. J. K. Honeyman has been appointed Superin- 
tendent of Research for the Steel Division of the Steel 
Company of Wales Ltd.; he will continue to exercise 
supervision over the Division’s Chemical and Metal- 
lurgical Department through the Chief Metallurgist. 

Mr. A. Kambayashi is now with the Nippon Steel 
Tube Co., Ltd., Yokohama, Japan. 

Mr. G. D. McArdle is now Research Associate in the 
Research Laboratories of the Climax Molybdenum 
Company of Michigan, Detroit, U.S.A. 

Sir Andrew McCance has relinquished the Chairman- 
ship of Bruntons (Musselburgh) Ltd., and has resigned 
from the Board. 

Mr. A. Morris is now a Technical Officer with I.C.I. 
Metals Division, Waunarlwydd Works. 

Mr. W. R. Owen has been appointed Manager for the 
North East Region to Honeywell-Brown Ltd. 

Mr. W. J. Pool is now with the Chief Electrical Engi- 
neer’s Department of B.T.H. Ltd., Rugby. 

Dr. B. R. Queneau has transferred from the Duquesne 
Works of the United States Steel Corporation to their 
Tennessee Coal artd Iron Division, Fairfield, Ala., where 
he is now Assistant Manager, Metallurgy, Inspection and 
Research. 

Dr. A. G. E. Robiette has resigned from the Board of 
John Miles and Partners (London) Ltd., but he will be 
retained by them in a technical advisory capacity; he is 
setting up as an independent metallurgical consultant. 

Dr. George Sachs, Professor of Metallurgical Engineer- 
ing at Syracuse University Research Institute, has been 
awarded the Gauss Medal by the Academy of Technical 
Sciences in West Germany, and also the Heyn Medal of 
the Gesellschaft fiir Metallkunde. 

Mr. C. Williams is now with the Armament Research 
and Development Establishment, Fort Halstead. 

Mr. E. L. C. Williams has left the Research and 
Development Department of The United Steel Companies 
Ltd. to join the Loewy Engineering Co., Ltd. 
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Mr. E. W. Williams has taken up an appointment 
with the Mechanical Working Division of B.I.S.R.A., 
Sketty Hall, Swansea. 

Dr. P. B. A. Willis has left William Jessop and Sons, 
Ltd., to take up an appointment with I.C.I. Ltd., Witton, 
Birmingham. 


OBITUARY 


Lord Riverdale of Sheffield (elected 1905), on 7th July, 
1957. 


CONTRIBUTORS TO THE JOURNAL 


A. E. W. Smith, 3.sc., pH.p.—Head of Metallurgy 
Branch, Royal Military College of Science, Shrivenham. 

Dr. Smith was born in 1904 and educated at King 
Edward’s School, Sheffield and King Edward VI High 
School, Birmingham. After studying at the University 
of Birmingham he obtained an Honours Degree in Metal- 
lurgy and was granted a Bowen Research Scholarship. 
He was awarded the degree of Ph.D. in 1930 for work on 
the subject of alloy cast irons. After six years on the 
teaching staff of the Metallurgy Department of Uni- 
versity College, Swansea, under Principal C. A. Edwards, 
Dr. Smith was appointed in 1936 to the Military College 
of Science, Woolwich, Throughout the war he was 
responsible for special courses at the College, which 
moved first to Lydd and then to Stoke, and he assisted 
in its final re-establishment at Shrivenham. Dr. Smith 
organized the new Metallurgy Branch, and became its 
first head in 1946. 





P. P. Snowden 


A. E. W. Smith 


P. P. Snowden, A.MET.—Brown-Firth Research Labora- 
tories. 

Mr. Snowden was born in 1930 and educated at Owler 
Lane Secondary School, Sheffield. He joined the staff 
of Thos. Firth and Jonn Brown Ltd., in 1945 as a junior 
analytical chemist. He obtained the Associateship in 
Ferrous Metallurgy in 1952 and, after service with the 
Royal Air Force, rejoined Firth-Brown in 1954 on the 
staff of the Brown-Firth Research Laboratories. 


AFFILIATED LOCAL SOCIETIES 
North Wales Metallurgical Society 
At the 7th Annual Meeting of the Society, held on 
8th May, 1957, the following officers and members of 
committee were elected for the 1957-1958 session: 
Chairman 
H. B. Freeman 
Vice-Chairman Honorary Secretary 
H. Edwards S. Weir 
Treasurer Assistant Secretary 
S. Andrew J. B. Edwards 
Auditor Press Secretary 
L. 8. Taylor P. R. Higginson 
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Committee 
M. Hall, B. E. Hurley, H. H. Johnson, L. Leech, 
G. Millington, A. D. Osborne, E. Taylor-Austin, 
R. L. Willott. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Annual Report for 1956 

The Annual Report of the British Iron and Steel 
Research Association for 1956 has recently been pub- 
lished. It contains a general review of the work of 
the Association during the year and gives full details of 
the composition of committees, reports published, ete. 
The work of the Ironmaking Division has included 
investigations into the pelletizing of fine ores and other 
sintering problems, and the development of a hot-stage 
microscope for the determination of the liquidus tempera- 
ture of blast-furnace slags. The main work of the Steel- 
making Division has been directed towards the open- 
hearth process, and particularly the improvement of 
regenerator efficiency and of furnace life and output. 
The Mechanical Working Division has extended the use 
of its screwdown method of automatic gauge control 
from single-stand to continuous multi-stand mills. This 
Division has collaborated with the Plant Engineering 
Division in an examination of possibilities for mechaniza- 
tion in the forging industry. These and many other 
research projects undertaken by the Association are 
fully described in the Report. 


Open Days at Swansea 

The Sketty Hall laboratories of the Association’s 
Mechanical Working Division held Open Days on 19th 
and 21st June, when the work of the Laboratories was 
inspected by a large number of guests. The objectives 
of the South Wales Group are to develop new and im- 
proved coatings and to improve existing processes. 
Among the projects at present under investigation are 
the bonding of PVC to steel strip (‘‘ Plasteel ’’), con- 
tinuous roller coating of tinplate, continuous strip 
lacquering, hot-dip aluminizing of steel, and the deposi- 
tion of iron-zine and iron-tin alloys. Great emphasis 
is laid on instrumentation, and numerous investigations 
have been made into techniques and apparatus for the 
study of coatings. 


Roll Design Conference 

The 1957 Roll Design Conference was held at Close 
Works, Gateshead, on 15th and 16th May, Armstrong 
Whitworth (Metal Industries) Ltd. acting as_ hosts. 
The Conference was attended by 25 delegates. 

NEWS OF SCIENCE AND INDUSTRY 

Societe Francaise de Metallurgie 

The annual Journées Métallurgiques d’Automne of 
the Société Francaise de Métallurgie are being held in 
Paris from 7th to 12th October. Those interested 
should write to the Society, 25 rue de Clichy, Paris 9. 
Giant Scrap Baling Press 

A press capable of reducing 2 tons of scrap to a block 
3 ft wide by 2 ft deep by 4 ft long is now in operation 
at the Rotherham Works of Steel, Peech, and Tozer. 
This press, which is the largest in the U.K., is capable 
of handling 3500 tons of material per week. The effect 
of this installation, which is controlled by a single 
operator, will be to reduce O.H. furnace charging times 
and thereby increase steel output. 
Fuel Efficiency Course 

The 4th Annual Course on “‘ Current Practice in Fuel 
Efficiency,” organized by the National Industrial Fuel 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








438 


Efficiency Services, is being held at Oxford from 23rd 
to 27th September. Full details may be obtained from 
N.IL.F.E.S. Reading Office, Ailsa House, 181 King’s 
Road, Reading. 


New Research Laboratory 


Radio Heaters Ltd. have opened a new research 
laboratory at Wokingham, Berkshire, to carry out work 
on high-frequency induction and dielectric heating equip- 
ment of all kinds. 


Meeting on Refractories 


An international meeting on ‘“‘ Refractories in the 
Metallurgical and Atomic Energy Industries,” organized 
by the Association Belge pour Favoriser |’Etude des 
Verres et des Composés Silicieux, is being held in Brussels 
in the week beginning 23rd September. Full details 
may be obtained from the Association, 13 rue des Pois- 
soniers, Brussels. 


Coking Plant Extension 


Two further batteries of coke ovens with a daily capac- 
ity of about 1300 tons are being added to the coking 
plant at the Redbourn Works of Richard Thomas and 
Baldwins Ltd., Scunthorpe. The new plant is being 
installed by Woodall-Duckham Construction Co., Ltd. 


Speedier Furnace Dismantling 


The dismantling of open-hearth furnaces at the Temple- 
borough Melting Shop of Steel, Peech and Tozer is 
being cut by two days following the introduction of a 
Gradall excavator. Dismantling can begin within about 
six hours of tapping; the brickwork is dismantled with 
a hook attachment and this is replaced by a bucket 
attachment for removing the debris. 


Investment Casters Conference 


The fourth European Investment Casters’ Association 
conference was held at Stratford-upon-Avon from May 
19th to May 22nd, and was attended by more than 100 
delegates from 10 countries. At the technical sessions, 
eight papers were read on subjects ranging from the 
waxes used for investment casting to examples of small 
machine components manufactured by the process. 
Hosts for the conference were Joseph Lucas Ltd., who 
arranged a full programme of tours for the ladies during 
the technical sessions. 


New British Standard 


With the technological advances projected for the next 
few decades, the proper presentation of experimental 
data will become increasingly important. For this reason 
the British Standards Institution has recently published 
a book, by Mr. J. T. Richardson, on ** The Reduction and 
Presentation of Experimental Results ” (B.S. 2846: 1957, 
price 10s.). 


Industrial Publications Received 


A booklet on refractory concrete, giving full informa- 
tion for making, mixing, and placing, has been published 
by the Lafarge Aluminous Cement Co., Ltd., 73 Brook 
Street, London, W.1. They have also recently produced 
a booklet giving the names and addresses of suppliers 
of refractory concrete aggregates, insulating concrete 
aggregates, proprietary castable mixes, and refractory 
concrete pre-cast units. 

New publications from the Hackbridge and Hewittic 
Electric Co., Ltd., Walton-on-Thames, Surrey, are: 
DB4, ‘ Forced cooled transformers up to the largest 
sizes and voltages ’’; DB10/4, *‘ Naturally cooled distri- 
bution transformers up to 1000 kVA ”’; DB16/1, ‘‘ Small 
low voltage transformers (100 watts to 5 kVA).” 
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Bailey Meters and Controls Ltd., Moorgate Hall, 153 
Moorgate, London, E.C.2, have recently issued two 
further product specifications: E51-8, ‘‘ The Bailey Strip 
Chart Temperature Recorder,” and E75—4, “‘ Electrical 
Control Station.” 

‘**Speedivac ” rotary high-vacuum pumps are de- 
scribed in a new catalogue issued by Edwards High 
Vacuum Ltd., Manor Royal, Crawley, Sussex. 

Product Specification E11-13, describing the Bailey 
Strip Chart Telemeter Recorder, is obtainable from 
Bailey Meters and Controls Ltd., Purley Way, Croydon. 

A wide range of refractories for industrial purposes 
are detailed in the abridged General Catalogue recently 
published by General Refractories Ltd., Genefax House, 
Sheffield 10. 


Change of Address 


The London Branch Office of George Ellison Ltd. and 
of Tufnol Ltd. is now at Ellison House, Connaught Place, 
London, W.2 (AMBassador 3121). The telegraphic 
addresses are STARTERS, TELEX, LONDON, and 
TUFNOL, TELEX, LONDON, respectively. 

The Administration and Sales Offices of Sklenar 
Furnaces Ltd., are now at 385 Newport Road, Cardiff. 

The Blackman Export Co., Ltd., has moved to the 
Head Office of the parent company, Keith Blackman 
Ltd., Mill Mead Road, London, N.17. A London Area 
Sales Office for Keith Blackman Ltd. has been opened 
at 23 Queen Square, London, W.C.1. 

Since this issue went to press, Messrs. Wm. Beardmore 
and Co., Ltd., have changed their London office to 
11 Hamilton Place, Piccadilly (Hyde Park Corner), 
London, W.1 (tel. GROsvenor 8786). This address should 
be substituted for that shown in the Beardmore adver- 
tisement appearing in this issue. 


DIARY 


INTERNATIONAL TECHNICAL Fatr—Belgrade. 
INTERNATIONAL CONFERENCE ON Low- 
AND CHEMISTRY—Madison, Wis., 


23rd Aug.—2nd Sept.- 

26th-3lst Aug.—5th 
TEMPERATURE PHYSICS 
USS.A. 

29th Aug.-12th Sept.—ENGINEERING, MarINE, WELDING 
NucLear ENERGY Exuisrrion—Olympia, London. 

2nd-6th Sept.—OreraTioNAL RESEARCH SoOcIETY, OPERATIONS 
RESEARCH Socrety OF AMERICA, and INSTITUTE OF MANAGE- 
MENT ScrieNcEs (U.S.A.)—International Conference on Opera- 
tional Research—Oxford. 

4th-1lth Sept.— British AssoctaTION FOR THE ADVANCEMENT OF 
Scr—ENcCE—Annual Meeting— Dublin. 

8th Sept.—9th Oct.—6th ComMoNWEALTH MINING AND METALLUR- 
GICAL CoNGREsS—Vancouver, B.C., Canada. 

8th-18th Sept.—AmeriIcaAN CHEMICAL Socrery—132nd Meeting— 
New York. 


TRANSLATION SERVICE 


(The previous announcement was made in July, 1957, 

issue of the Journal, p. 355). 
TRANSLATIONS AVAILABLE 

No. 580 (German). V. Strut and J. BILLiGMANN: 

“Design, Mode of Operation, and Operating 

Results of a Modern Wide-strip Annealing 

Plant.”’ (Stahl und Eisen, 1957, vol. 77, Mar. 

21, pp. 309-323.) (Translation prepared by 

Miss V. Moore and made available through 

the courtesy of Richard Thomas and Baldwins, 


AND 


Ltd.) 
No. 531. (German). F. Fiscoer, M. NAcKEN, and V. 
SEuL: “The Influence of Various Temper- 


rolling Conditions and of Ageing on the Yield 
Point of Deep-drawing Strip Steels.” (Stahl 
und Eisen, 1957, vol. 77, Mar. 21, pp. 340-346). 
(Translation prepared by Mr. K. Metzer and 
made available through the courtesy of Richard 
Thomas and Baldwins, Ltd.) 
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MINERAL RESOURCES 


A Survey of the Origins of Iron Ore Deposits. O. Oelsner. 
(Neue Hiitte, 1957, 2, Jan., 8-13). It is concluded that the 
processes of geo-synclinal magmatism are largely responsible 
for placing iron ores within the reach of man.—t. J. L. 

Bulk Sampling by Diamond Drilling, Dudley conan 
Deposit, Northern District, Aroostook County, Maine. N. 
Eilertsen and K. M. Earl. (U.S. Bur. Mines, Rep. Invest. Ne. 
5303, 1957, Jan., pp. 26). 


ORES—MINING AND TREATMENT 


An Iron Ore Mine in Sweden. (Wining Mag., 1957, 96, 
Feb., 86-90). An account of mining and pelletizing phosphoric 
magnetite-hematite at Malmberget is given. 

Iron ate in Canada—1956. A Tonnage Increase of 26%. 
T. H. Janes. (Canad. Min. J., 1957, 78, Feb., 125-127). 
Statistics and a list of mining companies are given. 

Grace Mine. J. P. Bingham. (Min. Eng., 1957, 9, Jan., 
45-48). A mine producing magnetite is described, with its 
crushing concentration, flotation and pelletizing installations. 

New Iron in the Fire. W. V. Packard. (Steelways, 1957, 18, 
Apr., 1-5). The pelletizing and use of taconite are described in 
an illustrated article. 

Iron Ore Beneficiation. F. D. De Vaney. (Eng. Min. J., 
1957, 158, Mar., 96-97). A review for 1956. Taconite con- 
centration, pelletizing, the Mesabi concentration plant and the 
work of other companies are reported. 

Beneficiation in 1956. N. Weiss. (Mining Eng., 1957, 9, 
Feb., 223-236). A review of handling, crushing and screening, 
grinding and classification, concentration by flotation and 
by magnetic and electrostatic processes, thickening and 
filtering, agglomeration and sintering, instruments and control 
and specific reports on commodities including iron ore. 

The Beneficiation of the Low Grade Manganese Ores of 
Orissa. P. K. Ghosh, M. K. De and R. B. Ghosh. (Trans. 
Min. Geol. Met. Inst. India, 1953, 50, Oct., 79-99). The deposit 
is described and work on 11 samples is reported. On a 
laboratory scale the ores can be upgraded, and the processes 
might be scaled up successfully. 

Iron Agglomerates from the Marquette Range. F. W. 
Starratt. (Min. Eng., 1956, 8, Nov., 1100-1102). Concentra- 
tion and pelletizing of taconite and non-magnetic specular 
hematite is outlined. 
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Development and Operation at Marmora. H. O. Olsen. 
(Min. Eng., 1957, 9, Jan., 53-55). The mining district (in 
Ontario) is described. Magnetite is mined and concentrated 
and pelletized to 65% Fe. 

Automatic Control of the Grinding Circuit at Marmora 
Concentrator. P. L. Steffensen and W. M. Aubrey. (Min. Eng., 
1957, 9, Jan., 61-64). A ball-mill-eyclone plant at Marmora 
(Ontario) is controlled automatically. Flowsheets and 
instrumentation diagrams are shown and discussed. 

The Biggest Ore-Dressing Plant in the World. (Vin. //., 
1957, 248, Mar. 29, 402-403). An account of the Kiruna 
plant. 

Kiruna’s New Dressing Plant Starts Operation. (Mining 
Mag., 1957, 96, Mar., 148-150). 

A Mineral-Dressing Study of Manganese Deposits of the 
Batesville, Ark., District. M. M. Fine. (U.S. Bur. Mines. Rep. 
Invest., No. 5301, 1957, Jan., pp. 12). 

Intergranular Comminution. J. H. Brown and A. M. 
Gaudin. (Amer. Iron Steel Inst. Reg. Tech. Meetings, 1956, 
485-492). Features of size-reduction are examined with 
reference to ore beneficiation. Processes making use of natural 
cleavage are considered briefly. 

Studies on the Oxidation Processes of 7 Sulphides. II. 
Oxidation of Pyrites. K. ees and T. Wada. (Nippon 
Kinzoku Gakkai-Si, 1954, 18, Jan., 1-5). ion in air 
was studied at 600-800° C and ‘producta identified. Kinetics 
are worked out. 

Fuel for Sinter Plants. V. 8S. Pisarev. (Stal’, 1956, (7), 
585-586). [In Russian]. Experiments suggest that anthracite 
can be used instead of coke for iron ore sintering without loss of 
productivity or sinter quality and with improved economy 
under conditions in the U.S.S.R.—s. Kk. 

The Effect of the Properties of Iron Ores on the Production of 
Iron Coke. H. Barking and C. Eymann. (Stahl u. Eisen, 1957, 
77, Jan. 24, 104-107). The effects of origin and composition on 
the properties and production of iron coke are described in 
detail. The types of iron ore dealt with are: iron oxide ore, bog 
iron ore, and magnetite ore.—T. G. 

FUEL—PREPARATION, 
PROPERTIES, AND USES 
Quality Position and Testing of Conveyor Belts, with Particu- 


lar Reference to the Most Modern Developments. W. Sarde- 
mann. (Glickauf, 1956, 92, Sept. 29, 1168-1176). A survey is 
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given of quality considerations affecting the rapid develop- 
ment in the use of conveyor belts, particularly in mining 
operations, and the testing of various types of belting both 
normal and non-inflammable is described and the results 
evaluated.—t. D. H. 

Coal Preparation at the Jones & Laughlin Vesta Mines. J. A. 
Glunt and J. R. Dawson. (Min. Eng., 1956, 8, Dec., 1205- 
1209). 

Coal Preparation Research at Stoke Orchard 1952-1956. 
P. F. Whelan. (Proc. 2nd Internat. Congress of Surface 
Activity, preprint, 1957, (2), 26-29). Froth flotation studies 
are summarized. Change of polarizing angle by adsorbed 
films, air-bubble attachment, reagents, and pyrites elimination 
are mentioned. 

The Analysis of Combustion Products. V. The Use of Infra- 
Red Spectrometry for Following High Temperature Kinetics. 
R. Burt and G. J. Minkoff. (Anal. Chim. Acta, 1957, 16, Mar., 
259-267). 

Study of Coke Oven Gas Flames under 1 kg/cm? Gauge 
Pressure. T. Yamauchi and T. Ikeda. (Tetsu to Hagane, 1956, 
42, Nov., 1019-1024). [In Japanese]. Tests were made in a 
model O.H. furnace, using high-pressure gas (1 kg/cm?), of 
the relationships between flame length, temperature, pressure 
and melting conditions. The actual velocity reached a 
maximum at the quoted pressure. The cutting effect of the 
flame became noticeably stronger at a pressure of 0-7 kg/cm?. 
Saturated momentum flow was obtained with a burner 
diameter of 50 mm at 4000 m*/hour.—kx. E. J. 

Applications of the Electronic Probe to the Study of Turbulent 
Flames. W. Denniston, jun., J. R. Oxendine, D. H. 
Knapschaefer, D. 8. Burgess and B. Karlovitz. (J. Appl. 
Phys., 1957, 28, Jan., 70-75). 

Coal Structure and the Coking Process. A. Lermusiaux and 
E. Quinot. (Chim. et Ind., 1957, '77, Mar., 517-532). X-Ray 
studies have been hindered by difficulty in interpretation. A 
process is developed from which possible structural features 
can be inferred and anthracite and various other coals and 
coal constituents are classified on this basis and a theoretical 
approach to coking and the production of metallurgical cokes 
is described, especially from material previously considered 
unsuitable. 

New Studies on Coking of Coal Mixtures. A.-F. Boyer, J. 
Lahouste and R. Malzieu. (Rev. Ind. Min., 1957, 39, Mar., 
232-255). Solidification temperatures of constituents and 
their mixtures were studied and related to one another and 
to coke quality. The effects of additions of inerts (coke 
powder, semi-coke and minerals) were also observed, and they 
reduce solidification temperature if they are porous or finely 
divided. Pilot plant studies confirm the findings, and five 
methods of varying coke quality by addition of inerts are 
defined. 

The Behaviour of the Petrological Components of Coal on 
Carbonization. G. H. Taylor. (Fuel, 1957, 36, Apr., 221-235). 
A glossary is added. 

Studies in the Mechanism of Coke Formation: Part IV- 
Influence of Rate of Heating, Screening, etc., on the Plastic 
and Coking Properties of Coal. S. R. Ghosh, N. N. DasGupta 
and A. Lahiri. (J. Sci. Indust. Res., 1957, 16B, Feb., 89-95). 
Maximum fluidity and temperatures of maximum fluidity and 
solidification increase rapidly with rate of heating. Plastic 
properties vary with petrographic constituents and fineness 
of division. (17 references). 

Experiments Concerning the Effect of Coking Pressure in 
Full Scale Operation of Coke Oven Plant. J. L. Lambert, W. J. 
Lancucki—Pater and G. W. Lee. (Inst. Fuel, Advance Copies, 
1957, 22). Work with the movable wall test oven suggested 
2 lb/in? as a safe maximum pressure to avoid damage to the 
oven. This has now been confirmed in a full scale plant. 

Coking Properties of Pittsburgh District Coals. F. W. Smith, 
D. A. Reynolds and D. E. Wolfson. (Min. Eng., 1957, 9, Mar., 
360-364). Rank and blending effects are reported. 

Assessing Blast-Furnace Coke np III. A new Method of 


Assessing Coke Quality. O. Havel and V. Refabek. (Paliva, 
1956, 36, (10), 329-334). [In Czech]. A criterion for assessing 
coke quality by mec aan -al methods is proposed. This is 


based on the sum of four parameters relating to the strength, 
the frequency of fissures, the resistance to splintering, and the 
sieve-fraction of particles below 1 em dia. obtained after 
300 revolutions in the ‘‘ Micum”’ wear-testing drum. The 
method was checked with 26 different samples of blast-furnace 
coke.—P. F. 
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Study on the Porosity-testing Method. S. Shono. (Tetsu to 
Hagane, 1956, 42, Sept., 817-818). [In Japanese]. For several 
types of ore, sinter and coke, the sp. gr. in hydrogen, air and 
water are compared. Porosities found by the J.I.8., paraffin 
and British ‘‘ S.K.”’ methods are compared. Crushing reduces 
the porosity of all materials except Kurikoma ore, which has a 
max. value of 85% at 20 mm size.—k. E. J. 

Highly Corrosion-Resistant Materials in Coal By-Product 
Plants. C. Wahrburg. (Werkstoffe Korrosion, 1957, 8, Mar., 
132-133). Hasteloy C (Ni, 60; Mo, 16; Cr, 16; W, 4%) has 
been used to build a pressure column for the desulphurization 
of ammonia gas, where previously serious corrosion had 
occurred in stainless steels. The new plant has been in 
operation for more than a year without breakdown.—J. Cc. H. 

Report on the Activities of the Marienau Experimental 
Station for 1955. P. Foch and R. Loison. (Rev. Ind. Min., 
1957, 39, Feb., 127-158). Work on coals, gas, coke formation 
and semi-coke production using fluidization is reported in 
detail. 

Methods of Desulphurization of Coke Oven Gas. J. M. 
Graubard. (Iron Steel Eng., 1957, 34, Feb., 173-178). After a 
brief historical note on the production of coke the author 
describes modern ovens, the gas process in coke oven plants, 
desulphurization both dry and liquid processes and the 
manufacture of sulphuric acid.—. D. J. B. 

Some Problems of Gas Economy in Czechoslovak Metal- 
lurgical Works. M. Havelka. (Problems and Perspectives of 
Czechoslovak Metallurgy and Foundry, 1956, 200-211). Annual 
consumption is given and various measures for better utiliza- 
tion are suggested. 

International Methods for Analysis and Testing of — 
Fuels. (Inst. Nac. Carbon Bol. Inf., 1956, 5, Nov.-Dec 
243-270). The work of the ISO Technical Committee 27 is 
described. Methods for sampling, moisture, moisture holding 
capacity, ash, volatiles, calorific value, crucible swelling 
number, Audibert-Arnu dilatometer test, Gray-King test, 
Roga index, agglutinating value, C, H, N, S and forms of 
8, O, P, Cl, As, mineral matter, ash fusion temperature, 
reporting of results, washing terminology, methods of coke 
analysis and testing and tar content of brown coals and 
lignites are described. 


AIR POLLUTION AND SMOKE 


Trends in Air Pollution—1956. W.C. L. Hemeon. (Amer. 
Iron Steel Inst. Reg. Tech. Meetings, 1956, 303-315). Recent 
U.S. State legislation is noted and the work of the Institutes 
briefly indicated. The Donora and Los Angeles smogs are 
discussed and the present status of SO,. 

What Industry is Doing about Air Pollution. E. C. Logelin. 
(Midwest Eng., 1957, 9, Feb., 3-6, 18-19). A non-technical 
address. 

Atmospheric Conditions near Gas Works and Coke-Ovens. 
B. Fottr-Smolik and J. Sart. (Paliva, 1956, 36, (12), 408-411). 
[In Czech]. Dust and gas yes act were aed out on 
samples of air drawn off at various places in the works. The 
necessity of stringent health precautions is emphasised and 
appropriate measures are suggested.—P. F. 

Certain Aspects of the Deposition of Dust. D. H. Lucas. 
(Inst. Fuel. Advance Copies, 1957, pp. 5). 

Microscopic Dust. Sampling Methods Can Affect Size 
Estimations. A. J. Cruise. (Engineering, 1957, 188, Mar. 22, 
366-368). Comparison of instruments, and shape distribu- 
tions, relationships and sedimentation rates are outlined. 

Instruments for Measuring Small Quantities of Sulphur 
Dioxide in the Atmosphere. W. G. Cummings and M. W. 
Redfearn. (Inst. Fuel. Advance Copies, 1957, pp. 8). An auto- 
matic instrument collecting SO, in H,O, and recording H,SO, 
is described. 

Roof Ventilation Hoods. B. Nyrud. (Jernindustri, 1957, 
38, Mar., 47-52.) [In Norwegian]. The author describes 
several types (11 in all) of hoods for mounting on the roofs of 
industrial premises notably factories, foundries and pickling 
shops for dealing with problems arising in various industries 
concerned with ventilation, removal of smoke, fumes, 
poisonous gases, downdraught prevention, etc. The article is 
illustrated with line drawings of the 11 types of hood described. 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Temperature Control in the Metallurgical Industry. A. 
Boitel. (Silicates Indust., 1957, 22, Jan., 31-41). Methods 
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available for temperature control in blast-furnaces, O.H. 
furnaces, soaking pits, re-heating furnaces in strip mills 
etc. are surveyed.—P. F. 

The BISRA Suction Pyrometer. (Brit. Iron Steel Res 
Assoc. Summary 101, Ip.). 


REFRACTORY MATERIALS 


The Influence of the Firing Temperature of the Clay and of 
the Final Products on the High-Temperature Creep-Resistance 
of Aluminium-Silicate Refractories. Y. Letort. (Silicates 
Indust., 1956, 21, Nov., 435-446).—». Fr. 

Importance of the Spinel Phase in the Steel Industry. E. F. 
Osborn. (Amer. Iron Steel Inst., Reg. Tech Meetings, 1956, 
135-150). Magnesia, fireclay, and silica refractories are 
discussed in relation to spinel content, and ores (maghemite 
and magnetite) are also briefly considered. 

Use of High-Alumina Brick in Cowper Stoves. A. I. Kulik, 
A. P. Rogach, L. D. Salganik, T. I. Papin and V. V. Ostanin. 
(Stal’, 1956, (7), 582-585). [In Russian]. Increased life and 
working temperature of Cowper-stove bricks are obtained by 
increasing their alumina content. 48% Al,O, is suggested as a 
technical economic optimum.—s. kK. 

Results of Flow Tests on Cowper Stove Refractories. J. 
Baron. (Silicates Indust., 1956, 21, Oct., 397-404). Results are 
given of a study of the high-temperature creep properties of 
refractory shapes. Flow tests are shown to provide a valuable 
criterion for assessing their quality.—P. F. 

Contribution to the Creep Test of Refractories. (Stahl w. 
Eisen, 1957, 77, Jan. 24, 104). A discussion on the paper by 
K. Konopicky and W. Lohre (ibid., 1956, 76, 749).—7. a. 

Phase Equilibria at Liquidus Temperature in the System 
Iron Oxide—Al,0,-— — in Air Atmosphere. A. Muan. (J. 
Amer. Ceram. Soc., 1957, 40, Apr. 1, 121-133). 

Study of Iron Oxide-Bearing Zones in Coke-Oven Silica 
Refractories. M. Paschke. (Stahl u. Hisen, 1957, 77, Jan. 24, 
108). The service life of silica bricks in coke ovens is markedly 
affected by the presence of more than 0:3% Fe,03. Two 
types of defect are observed: (a) “iron spots” in the surface 
layer and (b) “iron agglomeration” usually as in the form of 
spots with craters. The softening point and the hardness in 
the affected areas are far below that of the pure silica brick. 
This is attributed to a marked chemical change of the silica 
brick and results in a reduction of its strength and the wear- 
resistance.—T. G. 

The Vanal Process—A New Means of Corrosion Protection. 
A. Staerker. (Werkstoffe Korrosion, 1957, 8, Mar., 125-131). 
A new process for protecting refractories consists in coating 
them with a glaze that increases the angle of contact of 
drops of molten slag with the surface and thus inhibits or 
retards the penetration of corrosion. Examples of its successful 
use are given.—J. C. H. 

The “* Vanal ” Process, a New Method of Corrosion Protection 
for Refractories. A. Staerker. (Silicates Indust., 1956, 21, 
Dec. 509-512). Coating of silicon-carbide refractories with 
** Vanal ” reduces their surface activity and affords protection 
against corrosive attack in use at high temperatures. The 
scope, methods of application, and some examples of its 
effectivness are discussed.—P. F. 


IRON AND STEEL—GENERAL 

Developments in the Iron & Steel Industry during 1956. 
I. E. Madsen. (Jron Steel Eng., 1957, 84, Jan., 119-169). A 
comprehensive review is given of developments in 1956 in all 
fields of iron and steel making, rolling, handling and steel- 
works engineering generally. A world picture is given of the 
raw materials position and steel outputs.—M. D. J. B. 

Some Recent Developments in the Iron and Steel Industry in 
Europe. P. E. Cavanagh. (Canad. Min. Met. Bull., 1957, 50, 
Feb., 84-87). A review covering beneficiation, pelletizing, 
smelting, the low-shaft furnace, pig-iron desulphurizing and 
direct reduction. (23 references). 

The Past, Present and Future of the Italian Iron & Steel 
Industry. A. Scortecci. (Met. Ital., 1956, 48, Dec., 545-560). 
{In Italian]. A detailed review is made of the Italian Steel 
industry. All aspects technical and economical are discussed. 
Production of coke, iron and steel are examined in some 
detail and reference is made to new processes and their 
practical application. Interesting historical data are given 
regarding the principal landmarks in the history of iron 
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making from the year 6000 B.C. to the present day. (24 
references).—M. D. J. B. 

The Research Program of American Iron and Steel Institute. 
E.C. Bain. (Amer. Iron Steel Inst. Reg. Tech. Meetings, 1956, 
323-358). Physical chemistry of iron and_ steelmaking, 
refractories, pure iron, welding, aircraft steels, structural 
steel joints, air pollution, water pollution and manganese 
recovery are each the subject of consideration by a committee. 
An outline of the work of the committees is given. 

The Fundamental Stages of the Work of the Government 
Institute for the Planning of Metallurgical Factories. I. V. 
Orlov and V. B. Brodskii. (Stal’, 1956, (2), 99-106). The 
inception and organization of the institute are briefly reviewed 
and the work divided into four periods: 1927-31, reconstruc- 
tion of existing works, 1931-40, planning of new undertakings, 
1941-45, construction of factories in the East for wartime 
needs with evacuated equipment, 1946-50, new factories in 
the South and post-war reconstruction. Work on _blast- 
furnaces, foundries, rolling mills and other topics is then 
briefly reviewed. 

Physical Chemistry of Iron and Steelmaking, 1956. J. F. 
Elliott. (Amer. Iron Steel Inst. Reg. Tech. Meetings, 1956, 
495-515). A summary of the M.I.T. Conference 1955. 

Work of the Central Works Laboratory of the Magnitogorsk 
Combine in 1955. V. F. Agapov. (Stal’, 1956 (6), 563-567). 
[In Russian]. Research work carried out by a large central 
steel works laboratory in 1955 is outlined. This included 
projects on blast-furnace, steel-melting and _ rolling-mill 
practice, metallurgy and foundry practice.—s. K. 

Investigations at the Novo-Tagil’ Works. V. Smirnov and 
I. Shmonin. (Stal’, 1956, (7), 658-661). [In Russian]. Research 
work carried out during 1956 at the Novo-Tagil’ works is 
described. The blast-furnace, steel-melting and_ rolling 
processes were investigated and the adoption of new tech- 
niques facilitated. Metallographic and heat-treatment studies 
were included.—s. kK. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG IRON 


Some Activities of the Technical Committee on Blast Furnace 
Practice. G. P. Hansen. (Amer. Iron Steel Inst. Reg. Tech. 
Meetings, 1956, 95-100). 

Laws Governing the Movement of the Charge in the Blast- 
Furnace. M. F. Kochin. (Stal’, 1956, (7), 579-582). [In 
Russian]. Factors especially those associated with solid solid 
friction, influencing the descent of the charge in the blast 
furnace are discussed on the basis of known laws for the 
movement of granular materials and observations on working 
blast-furnaces. Model experiments in which the effective 
weight of the charge at tuyere level could be determined for 
furnaces with different lines confirmed that maximal produc- 
tivity and smooth working can be achieved only with furnaces 
over a certain critical height.—s. K. 

Reducing Delays in Blast Furnace Campaigns by Improving 
Mechanical Features. W. 0. Bishop and C. P. Frame. (Jron 
Steel Eng., 1957, 84, Jan., 113-117). This tie reviews items 
of mechanical equipment which are proving fallible as a 
result of the longer B.F. campaigns. Special mention is made 
of skip bridge rails, skip sheave wheels, bleeder valves, 
hopper wearing plates, large and small bells, ete.—a. D. J. B. 

Influence of Blast Heating on the Working of a Blast 
Furnace. I. G. Boichenko. (Stal’, 1956, (6), 483-486). [In 
Russian]. From a critical discussion of the factors influencing 
the size of the combustion zone and the results of gas-sampling 
determinations of the zone size in a working furnace, con- 
clusions are drawn on optimal furnace operating conditions. 
Special attention is given to blast temperature.—s. kK. 

Influence of Elevated Gas-Pressure on the Chemical Com- 
position of Pig Iron. V. L. Pokryshkin. (Stal’, 1956, (6), 
487-492). [In Russian]. Advantage was taken of the gradual 
transition of two blast furnaces at the Azovstal’ works from 
operation at ordinary to increased (up to 1-1 atm.) top 
pressure, to determine the influence of this factor on the con- 
tents of Si, Mn, C and S in the iron. Si was approximately 
halved (initial values 0-9°% approx.) and fluctuations reduced, 
Mn was also reduced but to a far lesser extent (2-0 to 1-9%), 
carbon content was increased from 3:4 to 4-0 approx. and 
sulphur was reduced from 0+ 118-0: 141 to 0: 110-0: 085.—s. K. 

More Iron Without More Furnaces. ©. M. Squarey and 
R. J. Wilson. (Amer. Iron Steel Inst. Reg. Tech. Meetings, 
1956, 163-188). Improvements in blast-furnace practice at 
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Inland Steel are described. Pressure top furnaces are reviewed 
and the uses of steam and oxygen or both in the blast are 
discussed. Uses of sized ore, sinter and quality coke are 
important factors. 

Temperature Distribution in the Wall of a Blast-Furnace 
Slag Ladle. K. A. Pak and A. V. Chalenko. (Stal’ 1956, (7), 
652-653). [In Russian]. Curves of temperature against time 
covering four hours after filling for various points of a slag 
ladle are shown. All curves reach maxima about two hours 
after filling.—s. K. 


PROPERTIES, TREATMENT AND 
USE OF SLAGS 


The Nature of Basic Blast-furnace Slags Containing Oxides 
of Chromium. Y. Matsushita. (Tetsu to Hagane, 1956, 42, Oct., 
945-950). [In Japanese, with French summary]. Synthetic 
slags were prepared, containing 15% Al,0;, 3% Cr,O; and 
CaO and SiO, in ratios in the range 0- 8-1-2; these were heated 
to 1360-1400° C for 2-6 hours, then cooled in vacuo and 
examined by spectrophotometer. In these slags, the chro- 
mium oxide is predominantly in the form of CrO. It shows 
acid or basic behaviour according to the CaO/SiO, ratio. 

The Liquidus and High-temperature Properties of Blast- 
furnace Slags. B. G. Baldwin. (J. Jron Steel Inst., 1957, 186, 
Aug., 388-395). [This issue]. 

The Electrical Conductivity of Molten Slags Containing 
Titanium Oxide. II. FeO-TiO, System. K. Mori. (Tetsu to 
Hagane, 1956, 42, Nov., 1024-1029). [In Japanese]. An 
apparatus to measure conductivities of molten slags under 
nitrogen uses a crucible and electrode of pure iron. The 
FeO-TiO, system was investigated in the range 1200-1450° C; 
the specific conductivity was 30-300 ohm-! cm—!, varying 
little with temperature, although an anomalous change 
occurred near the solidifying temperature with high-TiO, 
slags. For TiO, contents less than 40 mol.-%, conductivity 
decreased with increase of TiO, content, and above that 
amount it increased. The effects are ascribed to semi- 
conduction by Fe ions and electrons from Ti ions; ions 
present are presumed to be Fe*, Tit* and O?-. (17 
references).—K. E. J. 


DIRECT PROCESSES 


Coming—Revolution in Steel-Making. (Eng. Min. J., 1957, 
158, Jan.; 99). A note on the cyclosteel process where a 
pulverized coal furnace is quoted as the origin of the system, 
and Australian Patent 19-356-16801 of Mar. 1956 is noted. 
A brief account of a projected pilot plant is given and possibili- 
ties are outlined. A process developed in Bucharest using 
magnesium and a nitrate is referred to. 


PRODUCTION OF STEEL 


The Design of Mill Buildings. J.J. Murray and T. C. Graham. 
(Iron Steel Eng., 1957, 84, Feb., 159-169). This paper reviews 
American practice for crane gantry girder, column and roof 
design of steel plant buildings. Methods of loading and 
details of stress computation are given.—. D. J. B. 

Automation in the Iron and Steel Industry. (Proc. 4th and 5th 
Annual Conferences on Instrumentation for the Iron and Steel 
Industry, 1954 & 1955. (1956) pp. 98). By-Product Coke 
Ovens. E. T. W. Bailey. (5-7). Practice at the Steel Co. of 
Canada is described including control of fuel gas pressures, 
stack draught, exhausters and boosters using pneumatic 
techniques. The control system is shown diagramatically and 
the purposes, settings and types of controllers are outlined. 
Measuring By-Product Yield on Coke Ovens. F. R. Pullen. (8- 
10). A method of rating battery performance is given and 
used as an index of when to rebuild, essentially by foul gas 
measurement. Work by Bethlehem Steel is described. Steel- 
Industry Uses of Viscosity Control. R. L. Hill. (11-13). 
Application to oil blending for O.H. firing is described. 
Blast-Furnace Automation. A. W. Robinson. (14-17). The 
Mohr system is outlined. Preset interlocking charging control, 
furnace programme, stove temperature control, hot-blast 
temperature and furnace temperature systems and stockline 
recorder measurements are described. Problems of a New 
Soaking Pit Installation. A. F. Robbins and H. Meek. (18-21). 
The installation is described and the control systems outlined. 
Operational problems are then treated such as dust deposition 
on pyrometers, change of air-fuel ratio, pneumatic control air 
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supply, and location of controls. Instrumentation of a Modern 
Steam-Generating Facility. J. P. Katzenmeyer. (22-29). F. 
Hicks. (30-34). Continuous Annealing of Specialty Steel. 
T. J. O’Keefe. (35-37). Two special furnaces covering different 
ranges using thermocouples as sensing elements and null- 
balancing controllers operating port-type valves in air lines 
are described. One is radiant-tube-heated, natural gas fired, 
5 ft 6 in. wide and 70 ft long, with roller hearth and rate of 
passage 5-40 f/min. The other operates up to 1600° F divided 
into 6 zones 12 ft long at the ends and 9 ft for the middle four. 
Control and uses are described. Instrumentation of a Con- 
tinuous Batch-Type Annealing Furnace. RK. H. Gelder and 
W. E. Hand. (38-40). A gas-fired tunnel-type furnace into 
which plates are fed on insulated car bottoms covered with a 
stainless steel lid resting in a sand seal and charged with a 
reducing atmosphere composition has been fitted with exten- 
sive temperature control equipment recording and also 
regulating fuel and air. The type was adapted from the cera- 
mics industry and burner arrangements on new installations 
are mentioned. Continuous-Anneal-Line Control. J. E. 
Weber. (41-43). A 3000-ft strip travelling at 1000 ft/min is 
annealed in a fully instrumented plant recording, gas distribu- 
tion and flow, oxygen and combustibles and cooling jacket 
water supply. Instrumentation for a Continuous Strip Steel 
Annealing Line. A. B. Chamberlin, jun. (44-46). The 
Wheeling Steel Corp. line is described. Electric Control of 
Open Hearths. A. K. Bayles and D. H. Stanton. (47-51). 
Algoma Steel Corp. recently built two 330-ton furnaces which 
are described. The electrically operated control system 
operating on furnace pressure, roof temperature, fuel-air 
ratio, oil-steam ratio, oil-gas ratio, BTU input and furnace 
reversal is described. A clear diagram and illustration of the 
control system are given. Distribution Control of Mixed Gas. 
J. E. Webber. (52-55) Natural and coke-oven gas systems at 
U.S. Steel Fairless Works are described. Special Instruments 
for the Steel Industry. W. A. Black. (56-61). Uses of ultra- 
sonic gauging, X-ray thickness measurement and stress, 
strain and torque meters are described including flaw detection 
in a large shaft, hot strip control, blooming mill torque 
investigations and redesign of an O.H. crane. Seam depth 
indicators and crack detectors and strain gauge weighing are 
then mentioned. Instrumentation of a Water-Treatment 
Plant. G. E. Reid. (62-65). Instrumentation of a Demineraliz- 
ing Plant. E. J. Tilly. (66-69). The Steel Industry has Plans 
for Multipoint Recorders. J. A. Milnes. (70-71). Strip 
Pickling Requires Acid Control. W. H. Stuck. (72-74). Gas 
Analysis in Steel Mills. R. R. Swain and J. A. Hays. (75-79). 
Instruments and their application to the blast furnace, O.H., 
soaking pit and reheating furnace, annealing furnace and 
boiler are outlined, with a section on sampling systems. 
Furnace-Atmosphere Control by Dew-Point Control. F. E. 
Slater. (80-84). Instrument-quality Air. P. Hankison. 
(85-87). Instrument-Air Dryers. G. L. Simpson. (88-90). 
Air-Pollution Control. M. L. May. (91-92). The use of smoke 
recorders, dust control by electrostatic precipitators, H,S 
analyzers and wind recorders is briefly outlined. A Training 
Program for Open-Hearth Fuel Engineers. W. Whigham, jun. 
(93). Steel Plant Instrument Personnel Training. G. Rose. 
(94-95). A Chemical Plant Program for Instrument Personnel 
Training. W. D. DeCourcy. (96-98). 

The Future of the Steel Industry. (New Sci., 1957, 1, Mar. 
28, 9-11). A popular review of trends. 

Very High Tensile Steels. J. A. Garcia Poggio. (Acero 
Energ., 1956, 8, Sept.-Oct., 50-60). [In Spanish]. These are 
defined as steels of tensile strengths of more than 140 kg/mm? 
with acceptable plasticity. The most important consideration 
in these steels is that of temper-brittleness after tempering 
in the range 250—400° C, and this has been examined in some 
detail. Results of a study with the electron microscope are 
given for a Ni-Cr steel (0-32% C, 0-54% Mn, 0-26% Si, 
2-839, Ni, 0:65° Cr): these are essentially the same for all 
the steels studied. In the brittle range, the carbides precipitate 
in a network round the needles of martensite, and brittleness 
results. At higher tempering temperatures the carbides 
spherodize and the brittleness is absent. It is suggested that 
the process of carbide precipitation must be modified in order 
to avoid this brittleness, and methods of doing this are 
reviewed. Silicon has a beneficial effect when added in 
amounts of about 1-5°,, and a series of Ni-Cr—Mo type steels 
were prepared with silicon contents of this order. Property 
charts are given for these steels and a comparison with the 
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normal low-silicon types of steels show that (a) the brittle 
range is displaced to a temperature range 100-150° C higher, 
(6) the E.L./M.S. ratio at low tempering temperatures is 
improved, and (c) the hardenability is increased by the silicon 
addition. Other problems connected with these steels such 
as stabilization of the retained austenite, machining, and 
hydrogen embrittlement are discussed briefly. (29 references). 

Low-Alloy Steel for Pressure Vessels. J. M. Hodge and 
L. C. Bibber. (Jron Steel, 1956, 29, Dec., 551-555). The 
United States Steel Corporation’s proprietary steel “ T-1 ” 
has been developed for pressure-vessel construction. Details 
are given of its general characteristics, methods of manu- 
facture, the metallurgical considerations involved, and test 
programmes conducted to establish its suitability for pressure- 
vessel use.—G. F. 

Steels Containing Chromium. F. Javier Marifias. (Met. 
Elect., 1955, 19, Dec., 46-52). A review. 

Modify 12°, Cr Steels For Better Properties. P. Shahinian 
and J. R. Lane. (Jron Age, 1956, 178, Oct. 25, 108-112). 
Tests to investigate the value of modifications to 12°, 
chromium steel in giving grades which can substitute for 


austenitic steel, are described. The effect of additions of 


molybdenum, niobium, vanadium, titanium, and carbon 
were determined.—D. L. C. P. 

An Investigation of Commercial Cr-Mo Forged and Cast 
Steels. M. Hasegawa. (Tetsu to Hagane, 1956, 42, Mar., 
380-381). [In Japanese].—k. E. J. 

Use of Rare Earth Elements in Steel Making: a Review. 
M. Hasegawa and K. Sakuma. (Tetsu to Hagane, 1956, 42, 
June, 503-517). [In Japanese]. The use of rare-earth elements 
in steelmaking, particularly in the U.S.A., is reviewed, with 
special reference to cast steel, forged and rolled steel, and high- 
alloy steels. (44 references).—k. E. J. 

Stainless Steel for Pressure Vessels. A. Grodner. (Weld. 
Res. Council Bull. Series, No. 31, 1956, Nov., pp. 20). Proper- 
ties and fabrication characteristics of wrought and cast steels 
are described. Grades of martensitic, ferritic, and austenitic 
types are listed with compositions and properties and effects 
of heat treatment. Corrosion resistance is discussed under 
various operating conditions and embrittlement is reviewed. 
Design factors and fabrication, forming, welding, machining, 
descaling, and cleaning are considered and testing by radio- 
graphic and impact methods described. 

Heat Flow in Ingot Hot-tops. G. Fenton. (J. Iron Steel 
Inst., 1957, 186, Aug., 396-405). [This issue]. 

Sound Steel Without Hot Tops. G. A. Dornin, jun. (ron 
Steel Eng., 1956, 38, Dec., 125-133). A short ingot with heavy 
taper is transferred to a soaking pit and placed in an upsetting 
press for core separation. It is then forged to 16 in. sq. section 
in a 1500-t press. 

Conference on Continuous Steel Casting. (Stal’, 1956, 16, (3), 
263-265). (V.S. Rutes). The depth of liquid phase in the billet 
is proportional to the rate of withdrawal from the mould and 
the skin thicknesses are proportional to the cross-sectional 
dimensions. A direct water quenching method has been 
developed, and autoradiographic studies of P and 8 have been 
made. (I. A. Nikolayev). Studies on ingot shape, quality, 
rate of solidification and amount of cooling are reported. 
St 3 steel cast at 500-700 mm/min had a good surface and 
rolled to good strip. Crack formation was avoided by water 
mist sprays and special roll design. (A. V. Khripkov). A new 
double stand plant at Krasnoe Sormovo was described. 
(N. L. Komandin). Quality of normal and continuously cast 
rolled billets is the same. (V. P. Druzkinin). Constant level 
and speed, temperature and viscosity control keep a fluid 
meniscus. Viscous steels require high speed and lubrication 
and vibration of the mould. Cooling conditions are also 
considered. (B. Z. Kononov). Semi-continuous casting of 
18/8 Ti-stabilized steel was described. (M. 8. Boichenko). 
Problems remaining were mentioned. (G. A. Garbuz). A 
plant inclined at 10° to the horizontal and producing two 
billets simultaneously was described. The capacity was 63 
tons/hr. Certain disadvantages were mentioned. (V. V. 
Fulmakht). Plans for a new installation were discussed. 
(A. 8. Nikiforov). Continuous casting of light sections with 
immediate cross rolling was outlined. (M. F. Goldobin). A 
conveyor for a continuous casting plant was described. Also 
economics and yields were given 1950-1955. (V. I. Yavoiskii). 
Non-metallic inclusions were examined, including gases. 
(A. P. Pronov). Studies on crystallization were reported, also 
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viscosity measurements and the effects of Al and the presence 
of oxides. (L. M. Postnov and B. B. Gulyaev). Rate of 
solidification and mechanical properties were reported. (B. G. 
Gruzin). Effect of temperature on hot cracking was studied 
and found to be due to non-uniform heat loss over the surface. 
(Only abstracts are given). 

Development of Continuous Casting at Atlas Steels, Ltd. 
W. W. Jacobs. (Jron Steel Eng., 1956, 38, Dec., 92-97). An 
account of the development of continuous casting with a 
description of the plant at Atlas Steels and of recent improve- 
ments in control, ete. 

Studies on the Ingot Making Process in a Nitrogen Atmo- 
sphere. I. Effect of Nitrogen and Floating Boards on the 
Oxidation Prevention of Molten Steel = Ingot Moulds. T. 
Shimose. (Tetsu to Hagane, 1956, 42, Mar., 279-282). [In 
Japanese]. Details are given of a nitroger n male device and 
mould plates. With nitrogen blowing, the scum on the surface 
of the ingots has less FeO, MnO, and SiO,, but more AI,O;, 
than in the normal process.—k. E. J. 

owe on the Ingot Making Process in Nitrogen Atmosphere. 

II. [Some Additional Studies and Theoretical Considerations). 
T. Shimose. (Tetsu to Hagane, 1956, 42, Mar., 282-284). 
[In Japanese]. Oxygen and nitrogen contents and CO,-CO 
equilibria at various temperatures are considered.—k. E. J. 

Study on Ingot-making Practice. V. Effect of Oxidation of 
Molten Steel by Air on the Non-metallic Inclusion in Steel-2. 
Effect of Carbon, Aluminium and Chromium in Molten Steel 
on Casting Velocity. S. Maekawa. (Tetsu to Hagane, 1956, 
42, Mar., 275-277). [In Japanese].—k. E. J. 

Study on Ingot-making Practice. V. Effect of Oxidation of 
Molten Steel by Air on the Non-metallic Inclusions in Steel-3. 
Effect of Silicon and Manganese in Molten Steel, and Considera- 
tion on Oxidation of Various Elements in Molten Steel. 3. 
Maekawa. (Tetsu to Hagane, 1956, 42, Mar., 277-279). [In 
Japanese]. The various elements are C, Al, Si, and Mn; the 
effect of time on their oxidation by air is described.—k. E. J. 

On the Thermal Crack and Hardness of Ingot Mould Iron. I. 
Y. Ogiwara. (Tetsu to Hagane, 1956, 42, Mar., 313-315). 
[In Japanese]. Over the range of annealing temperature of 0 
900° C, thermal cracking is least for 700° C. Thermal cracking 
is least and the life greatest for a hardness of R 75 B.—k. E. J. 

On the { Adjustable-volume} Mould for Large-size Steel Ingots. 
T. Ohdaira. (Tetsu to Hagane, 1956, 42, Mar., 315-318). [In 
Japanese]. The adjustment is in the feeder head, and the 
ratio of its volume to that of the mould is given for ingots 
up to 50 tons in weight. Compared with conventional moulds, 
the occurrence of ingot cavities is reduced from 2-5 to 0:47 
and the yield for forging and rolling is increased from 59-5 
to 66°,, at the expense of some increases in unit mould con- 
sumption, brick consumption, and man-days of labour. 

Influence of the High-Temperature Melting and Inoculation 
on the Properties and Life of Ingot Moulds. Y. Hashimoto. 
(Tetsu to Hagane, 1956, 42, Mar., 193-195). [In Japanese 
Comparative tests show that high-temperature melting (up 
to 1515° C) and additions of Ca—Si increase the life of ingot 
moulds.—k. E. J. 

Study on Blowholes in Iron and Steel. V. Some Examples 
of Blowholes by Hydrogen. T. Fujii. (Tetsu to Hagane, 1956, 
42, June, 467-475). [In Japanese]. In steel castings or large 
killed ingots, a major cause of blowhole formation was found 
to be moisture from the sand mould. At the centre of a 12-ton 
killed ingot, the hydrogen content (1-2-1-5 10—%°,) was 
high enough to cause blowholes. (10 references).—kK. E. J. 

Deoxidation of Semi-killed Steel and Sub-surface Blow-holes 
of — T. Kato. (Tetsu to Hagane, 1956, 42, Mar., 284-286). 
{In Japanese]. Correlations are established between the 
degree of deoxidation and both the depth of existence of 
longitudinal blow-holes and the number of sub-surface blow- 
holes, and between the amount of aluminium shot added in 
the mould and the existence and depth of longitudinal 
blow-holes.—k. E. J. 

Sub-surface Blow-holes of Semi-killed Steel Ingots and 
Seams of Products. II. T. Kato. (Tetsu to Hagane, 1956, 42, 
Mar., 286-288). [In Japanese]. Investigations are reported 
concerning the oxidation of the inner surfaces of blow-holes 
and the scale loss from artificial blow-holes, and the change 
in distribution of blow-holes of corner samples caused by 
heating.—kK. E. J. 

Research on the Non-metallic Inclusions of Killed Steel. III. 
Y. Koike. (Tetsu to Hagane, 1956, 42, Mar., 322-324). [In 
Japanese]. Particulars are given of sand marks in alumina 
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and high-alumina type ingots, for a conventional mould and 
moulds having refractory portions fitted at the bottom. 

Continuous Casting of Rolling-Mill and Forging Stock. J. 
Hofmaier. (Stahl u. Hisen, 1957, 77, Jan. 23, 69-78). The 
author describes methods of continuous casting of steel 
ranging from 0-9 to 35-5 tons/hr. and discusses factors 
affecting the surface quality and the structure in the interior 
of the bar. The working properties of continuous cast bars are 
enumerated and the economics of the process compared with 
conventional methods.—. G. 

Development and Adoption of the Continuous-Casting 
Process for Steel. M. S. Boichenko, V. S. Rutes and N. A. 
Nikolaev. (Stal’, 1956, (6), 505-513). [In Russian]. An account 
is given of continuous casting process installations developed 
with the aid of the Central Research Institute for Iron and 
Steel of the U.S.S.R. After a general description of the pro- 
cess, mould design is dealt with, data showing the influence of 
taper on heat transfer between billet and mould are presented 
and the billet macro-structure is discussed. Details are given 
of the installation at the Novo-Tul’sk works, which has dealt 
with about 10,000 tons of steel, the casting rate being about 
10 tons in 20-25 min, and of the more recent plant at the 
Krasnoe Sormovo works where 15,000 tons of carbon steel were 
cast in the first ten months of operation. The quality of 
continuously-cast steel is discussed.—s. K. 

Economics of Continuous Casting of Steel. L. G. Degtyarev. 
(Stal’, 1956, (6), 558-559). [In Russian]. The simplification 
which can be effected by using continuous casting and the 
corresponding economics are discussed, and its influence on 
various cost items are considered. This method is economically 
especially advantageous when incorporated in the layout of 
new works.—s. K. 

The Physical and Chemical Process Occurring During 
Casting and Solidification of Steel. H. Kosmider, H. Neuhaus, 
H. J. Kirschning and W. Miinstermann. (Stal u. Eisen, 
1957, 77, Feb. 7, 133-143). The authors measured the 
temperatures during tapping, teeming, and solidification of 
steel melts when casting ingots of 1-4-8 tons. The various 
causes of heat dissipation are analysed, as well as the effect of 
size and shape of the mould. Boiling of rimming steel in the 
mould has a marked effect on the manner of solidification, on 
the formation of piping and on segregation mainly of sulphur. 
Convection within the cast metal during the cooling period and 
the effect of dissolved gases were also studied. Convection in 
killed steel and the progress of solidification were followed by 
autoradiography using *S. Conventional sulphur prints are 
compared with those obtained by autoradiography.—t. G. 

improving the Structure of High-Speed Steel from Ingots. A. 
A. Protasov. (Stal’, 1956, (7), 645-647). [In Russian]. This 
is the last contribution to a discussion on carbide segregation 
in forged high-speed steel tools. Indications are given for 
research to improve quality and reduce production costs.—s. K. 

Shearing Squares up Billet Ends. W. C. Tucker. (Steel, 1957, 
140, Jan. 14, 75-76). An account of the confined shearing 
principle in which the blank is supported so that it cannot 
sag or bend during cutting. 

Preventing the Formation of Axial Cracks in Alloy-Steel 
Ingots. Ya. M. Bokshitskii, M. A. Pertsev and F. V. Kozlov. 
(Stal’, 1956, (7), 602-608). [In Russian]. Axial cracks in 
chromium and nickel in tungsten steel ingots were found to 
be responsible for defects in heavy rolled sections or large 
forgings. An investigation established the causes of these 
cracks and indicated counter-measures. One method was to 
line the ingot moulds internally with mould mixture, but this 
was difficult and tended to give poor ingot surfaces. Better 
results were obtained by transferring partially solidified ingots 
from the electric melting-shop to the blooming-mill soaking 
pits heated to 1000° C.—s. kK. 

Possibilities of Eliminating or Reducing the Detrimental 
Effect of Ghost Lines, (Type A Segregation). Z. Kadetavek. 
(Problems and Perspectives of Czeckoslovak Metallurgy and 
Foundry, 1956, 239-250). Ghost lines are due to an inter- 
dendritic matrix containing segregated alloying elements, 
particularly sulphur. Hydrogen and other gases appear to 
promote their formations. The process of solidification may 
also have some effect. As gases and solidification are difficult 
to control the elimination of S was attempted. This eliminated 
ghost lines and also V-segregation. The effects of ghost lines 
have also been minimized in forging and intensile tests, 
especially crack formation and propagation. 
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PRODUCTION OF FERROALLOYS 


Complex Utilization of the Vanadium, Titanium and Iron 
of Titanomagnetites in the Chinese Peoples Republic. I. F. 
Krasnykh. ((Stal’ 1956, (6), 523-530). [In Russian]. Co-opera- 
tive laboratory and production-scale work by Chinese and 
Soviet experts is described which has provided sufficient data 
for organizing ferrovanadium and ferrotitanium production 
on the basis of Chinese titanomagnetites. The ore is to be 
concentrated and simultaneously separated into an iron- 
vanadium (magnetic) and an iron-titanium (weakly magnetic) 
fraction. The first is to be smelted in a blast-furnace after 
agglomeration, the vanadium (0-45-0-50%) being subse- 
quently oxidized during converter-blowing of the alloy and 
extracted chemically from the vanadium-rich converter slag. 
The titanium-rich fraction requires beneficiation, which can 
be carried out by ordinary methods after crushing to below 
100-mesh.—s. K. 


FOUNDRY PRACTICE 


Future Developments in the Founding of Metals. F. Hudson. 
(Brit. Found., 1957, 50, Mar., 143-154). A general review 
including a step bar test applied to iron and other metals with 
an account of cupolas and of oil-firing, of electric furnaces, 
melt quality, effects of H,,O, and N, and degassing procedures. 

Radioisotopes and their Use in the Foundry Industry. 8S. M. 
Makin. (Foundry Trade J., 1957, 102, Jan. 3, 5-10). A 
discussion of techniques and methods of detection is followed 
by an account of applications. (21 references). 

The Use of Radio-isotopes in the Foundry. J. Ruzicka. 
(Slevarenstvi, 1956, 4, July, 218-222). Isotopes may be used for 
control of lining wash-out, determination of level of molten 
metals and for following the flow of metals and slag in fur- 
naces; they may also be used for study of inclusions and 
solidification and crystallization processes and for rapid 
chemical analysis. 

Services for the Moulder. H. P. Millar. (British Foundry- 
man, 1957, 50, Feb., 66-75). The services, i.e. raw materials, 
tools, patterns, core boxes, heat, light, power, etc., that must 
be supplied to a moulder in order to obtain the maximum 
productivity are reviewed. The necessity for a high level of 
efficiency in these services is stressed.—B. C. W. 

Ways of Developing Old Ural Works. A. F. Myrtsymov and 
I. A. Nekrasov. (Stal’, 1956, (7), 631-633). [In Russian]. It is 
suggested that for several old works in the Urals complete 
modernization would not be worth while, and that they should 
only manufacture spare parts and replacement equipment for 
the more modern works of the region.—s. K. 

Developments in the Melting of Cast Iron. L. W. Bolton. 
(British Foundryman, 1957, 50, Feb., 75-76). The costs of 
melting furnace materials and fuels in 1939 and 1955 are 
compared, and the various methods at present in use for 
melting cast iron in the foundry are briefly reviewed.—.. c. w. 

Automation in the Foundry. (Mech. Handling, 1957, 44, 

Feb., 86-87). An account of Leyland Motors Ltd. cylinder 
block plant, with plan and illustrations. 
_ Notes on the Construction of Mechanised Foundries. J. 
Sirokich. (Slevarenstvi, 1956, 4, Dec., 357-363). A review of 
Czechoslovak developments in new or extended construction 
in regard to design, equipment and machinery, operation and 
maintenance. 

Use of Foundry Mechanization. V. Prachai. (Slevarenstvi, 
1957, 5, Feb., 47-52). A method is advanced for the assess- 
ment of the value and efficiency of foundry mechanization 
in terms of unit operations with a review of machines and the 
increase of output and effect on costs produced. 

Cupola Developments. (Brit. Fownd., 1957, 50, Mar., 110- 
127). Sub-committee TS43 Report No. 2. Hot-blast systems 
operating in Britain are classified as independent pre-heating, 
preheating by combustion of waste gases and preheating by 
direct heat transfer from gases. Schack, M. B. C., Strico and 
V. E. W. Esslingen systems are described and diagrams and 
operating data are given. Economics are discussed and oxygen 
enrichment. An appendix discusses hot blast plant in con- 
verter steel-making practice. 

The Design and Operation of Two Water-Cooled Cupolas. 
D. W. Berridge and J. R. Hawley. (British Foundryman, 
1957, 50, Feb., 53-62). The two cupolas are a specially 
designed 27 in. basic lined unit, and a convential 33 in. acid 
lined cupola. Details are given of the water cooling systems 
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employed and the modifications found necessary during 
operation. Difficulties encountered with refractories in the 
basic lined cupola are discussed together with the fluxing, 
melting, and tapping procedures employed with this unit. The 
performance of the water-cooled acid lined cupola is compared 
with that of a normal acid lined cupola to show some of the 
advantages of water cooling.—B. c. w. 

Operational Tests of Cast Iron Melting in the Basic Cupola. 
B. Sochor and J. Plachy. (Problems and Perpectives of 
Czechoslovak Metallurgy and Foundry, 1956, 392-404). Twelve 
basic melts is a 900 mm dia. cupola and in a 700 mm water- 
cooled cupola were examined, and the refractory resistance 
to slag determined. The basic process was found to enable 
inferior materials to be charged, use of basic slag did not 
cause difficulties, cooling had no ill effects on the melts and 
decreased refractory consumption by 40%. Insulating the 
forehearth raised the iron temperature 10-15% at the spout, 
removal of auxiliary tuyeres reduced refractories consumption, 
the saving occurs in the possibility of using lower grade 
materials as the cost of basic refractories is higher though 
consumption is lower. 

On the Gas Content of Core Binders and Core Mixtures. J. 
Ornst. (Slevarenstvi, 1956, 4, Sept., 53-60). Gas content 
in relation to blowhole formation was examined. A combus- 
tion test on 5 g. specimens was developed and a chill mould 
test with a standard cylindrical core. A linear relation between 
amount of binder and gas content was found. Curves show the 
gas equivalent of 1° binder and binders are classified by gas 
content. Drying was found unsuitable for reducing gas con- 
tent as overdrying is more harmful than gas. Blowhole 
formation is decided within sec. of pouring while the metal acts 
only on the surface layers so that samples from these are 
required. Gas content and loss on annealing are linearly 
related but only when a single binder is present. An equation 
for critical gas content corresponding to definite permeability 
is derived and conditions for freedom from blowholes can be 
obtained. (16 references). 

Waste from Vanadium Production as Moulding Material. 
A. Kubacky. (Slevarenstvi, 1957, 5, Jan., 4-7). The use of 
thermite slag as core material is examined. It is suitable for 
moulds and cores subject to heavy thermal stresses. With 
green moulds the material is less satisfactory. 

The Iron-Carbon Alloys and their Technical Application. 
A. J. Zuithoff. (Chem. Week., 1957, 58, Mar. 3, 93-99). [In 
Dutch]. After a brief review of the developments in the use 
of cast iron over the last century, the author points out that 
formerly its casting properties were deemed the most impor- 
tant whereas subsequently the material came to be better 
understood. The use of cast iron for specific purposes is 
governed by the graphite content, its distribution in the iron 
and the shape of the flakes. To conclude, the various ways 
adopted nowadays to cause nodulation of the graphite, e.g. 
with Ce, Mg, Ca and Ba inclusions, are touched upon.—F. R. H. 

Cast Crankshafts. J. A. Edwards. (Metalworking Prod., 
1956, 100, Oct. 12, 1652-1654). The General Motors Ltd. 
Danville plant practice is outlined. 

Cast Iron for Piston Rings. V. Oliverius, V. Malik and J. 
Bradik. (Slevarenstvi, 1956, 4, Aug., 99-106). Separate ly 
cast rings are discussed. The relative thinness of the castings 
causes rapid crystallization and the tendency for undesirable 
constituents to appear. The structure is ferrite-graphite 
eutectic with excess ferrite. The temperature required for 
pearlite formation was determined, ferrite wears badly in 
service. Effects of composition and inoculation on eutectic 
formation were investigated and the effects of Mo and Ni, 
which increase eutectic formation. As a result of the work 
exact conditions for control are laid down. 

Experiences in the Production of an Ingot Mould Weighing 
140 tons. J. GajduSek and J. Hladky. (Slevarenstvi, 1957, 
5, Jan., 8-14). 

A Review of Shell Moulding and CO, Processes. J. L. Rice. 
(Metalworking Prod., 1957, 101, Jan. 4, 3-9). 

Thermal Gravitational Convection in Castingr. F. Havlicek. 
(Slevarenstvi, 1956, 4, Nov., 330-335). Forcea convection is 
described and the importance of free convection in casting is 
explained. Control by cooling or insulating parts of the mould 
and by shape and kind of metal is reviewed. It is found to be 
easier in cast iron than in steel but is disadvantageous in 
reverse casting methods. 

Studies on Solidification and Cooling of Castings. S. Oki 
and R. Obata. (Nippon Kinzoku Gakkai-si, 1955, 19, May, 
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303-306). [In Japanese]. Temperature measurements and 
pour-out tests were made on sand-mould steel castings in 
several shapes, including cylinders and locomotive wheels. The 
metal surfaces instantly cooled to 1350—1400° C, and remained 
there until freezing of the centre began. Thin parts next to 
heavy sections cooled irregularly. The surface temperature of 
a core near the centre of a large mass of steel rose gradually 
from 1350° C to the liquidus temperature; this is considered 
to be a cause of secondary metal penetration into the mould. 
(14 references),—K. E. J. 

The Reason for the Effect of Vibration on Liquid and 
Solidifying Metal. J. Piibyl. (Slevarenstvi, 1956, 4, Aug., 
233-237). Vibration of the molten metal produces better 
mechanical properties, suppresses blowholes and decreases 
inclusions. A relationship between amplitude of vibration 
and frequency and gravitational acceleration is noted to 
produce the best castings. 

Effect of the Material on Internal Stress in Grey Iron Cast- 
ings. J. Bradik. (Problems and Pe rspective 8 of Czechoslovak 
Metallurgy and Foundry, 1956, 416-432). Internal stress is 
greater the stronger the iron is, and this should be taken 
account of in design. 

A Contribution to the Calculation of the Contraction Cavity 
in Castings. %. Simonik. (Problems and P erspectives of 
Czechoslovak Metallurgy and Foundry, 1956, 378-381). Methods 
of calculation are discussed. The effects of pouring and solidi- 
fication conditions, especially with insulated and exothermic 
moulds. 

A New Approach to Hot Tearing. ©. F. Christopher. (J. Wet., 
1956, 8, Dec., 1654-1657). By means of Charpy impact tests 
and microscopical examination, the author shows that hot 
tearing susceptibility exists in a fairly narrow temperature 
range which is primarily effected by the carbon content. He 
concludes that the avoidance of hot tearing requires a full 
knowledge of the physical properties of steel at high tempera- 
tures, and adjustment of heading, gating, chilling, and pouring 
temperature to suit these physical properties.—«. F. 

Investigation of Metallurgical and Mechanical Effects in the 
Development of Hot Tearing. H. F. Bishop, C. G. Ackerlind 
and W.S. Pellini. (PB. 121049; TIDU List 673, 1956, pp. 20). 
The role of strain rate is the development of hot tears as 
established by the contraction characteristics of the solidifying 
metal is investigated. Grey iron and non-ferrous alloys were 
studied by methods and with apparatus described. It is 
concluded that all alloys pass through a critical hot-tear 
temperature range and that the time rate of extension of the 
metal during the period it is in the film stage is the primary 
mechanical factor which determines hot tearing. 

Interior Tears in Thick Walled Steel Castings. J. 
Piibyl and K. Raéansky. (Problems and Perspecti ves of 
Czechoslovak Metallurgy and Foundry, 1956, 367-377). Zone 
tears and gravity tears are distinguished, the former caused by 
a large transverse temperature gradient. Interior chilling, 
low pouring temperature and the use of degassed me ‘tal low in 
S and P are recommended. Gravity tears are due to random 
solidification and inefficient feeding. 

Deformations and Cracks. J. Léonard. (Fonderie, 
Oct., 389-394). The distortion and shrinkage of castings, and 
the formation of cracks in castings are discussed in general 
terms together with the interrelations between these effects. 

Causes of Cracks in Steel Castings. J. Piibyl. (Sbornik 
videckych praci Vysoke skoly banske v Ostravé, 1955, I,. (2), 
62-88; Slevarenstvi, 1956, 4, June, 185-191). Cracking is 
classified according to type of internal stress and castings are 
divided into three groups according to the type of cracking 
found. Methods for avoiding these defects are discussed. 

On the Energetic Theory of Crack-Formation in Cast-Iron 
Moulds. D. E. Beletskii. (Stal’, 1956, (7), 650-651). [In 
Russian]. While some points in 8S. F. Fomin’s energetic 
theory of crack-formation (Stal’, 1955, (8), 743-747) are 
admitted to be of some broad interest, others are strongly 
criticised. In particular the recommended iron composition is 
not considered generally applicable.—s. K. 

Improvements in the Standardization of Foundry Work. K. 
Stastny. (Slevarenstvi, 1956, 4, Dec., 363-366). Standards for 
output, time consumed per operation and comparison between 
similar foundries are discussed. 

The Importance of Foundry Inspection. F. Vesely. (Slevar- 
enstvi, 1956, Oct., 297-304). A review is given showing the 
importance of inspection at all stages with examples of the 
equipment required and the improvement in quality produced. 
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General Ventilation in Foundries. Y. Bovin. (Gjuteriet, 
1956, 46, Nov., 152-155). [In Swedish]. After describing 
essential features of ventilation systems in hand moulding 
foundries, the author briefly reviews methods employed in 
mechanized foundries equipped with roller or belt conveyors. 
A comparison is made of the annual ventilation costs for these 
three types of foundry as a function of air throughput.—. G. K, 

Planning of Foundry Ventilation. K. Nilsson. (Gjuteriet, 
1956, 46, Dec., 161-163). 

Foundry Ventilation during Pouring, Cooling, Knock-out 
and Dressing. 8S. Engdahl. (Gjuteriet, 1956, 46, Oct., 131-135). 
[In Swedish]. Details are given of suitable methods for 
removing dust from foundries, with special reference to 
ventilation arrangements during dressing by means of sand 
blasting and swing grinding. Suitable arrangements of dust 
separators during the knock-out are illustrated.—c. G. K. 


VACUUM METALLURGY 


Use of Vacuum in Metallurgy. L. Colombier. (Doc. Mét., 
1956, Oct.-Nov.-Dec., 257-264). A review, mainly of cast 
iron and steel, with an account of Hastelloy. 

Vacuum Methods in Ferrous Metallurgy. (Stal’, 1956, (7), 
661-662). [In Russian]. Proceedings at a meeting held at 
the Institute of Metallurgy of the Academy of Sciences of the 
U.S.S.R. are outlined. Representatives of research and design 
organizations, ministries and works attended and 18 reports 
on the use of vacuum techniques in steel production were 
presented.—s. K. 

High Vacuum Equipment. K. A. Savinskii. (Zavodskaya 
Laboratoriya, 1955, 21, (9), 1111-1127). A description of 
available equipment with an outline of theory. Measuring 
devices, pumps, joints and gaskets, and the detection of leaks 
are all considered. Both Russian and American equipment is 
included. 

Vacuum Melting of Transformer Steel. G. A. Garnyk and 
A. M. Samarin. (Stal’, 1956, (6), 514-518). [In Russian]. 
Laboratory and semi-production scale experiments are 
described in which the properties of transformer steel melted 
in vacuum and in ordinary induction furnaces were compared. 
The vacuum-melted steel contained less non-metallic in- 
clusions and gases and had better magnetic and electrical 
properties. The vacuum-melted product could be improved 
further by selecting conditions for treating the sheets to give 
large grain-sizes, and by increasing the silicon-content of 
cold-rolled sheets to over 4%.—s. kK. 


REHEATING FURNACES AND 
SOAKING PITS 


Scaling of 18-8 Stainless Steel in Reheating Furnace Atmo- 
spheres. J. O. Edstrém. (Jernkontorets Ann., 1957, 141, 
(3), 105-145). Microscopical and X-ray studies of oxide 
layers formed at 1050° have been recorded, especially flaking 
and adherent layers and the effect of S. Reducing atmospheres 
(in presence of CO) and oxidizing atmospheres were studied 
and also moderately and strongly reducing atmospheres and 
oxidizing conditions in presence of sulphur. A hypothesis is 
advanced for oxide formation and the effects of sulphur are 
discussed. A diagram is given for the C-H—O-S system 
at 1050° which gives partial pressures of gaseous constituents 
at every O, pressure. (45 references). 

Automatic Control of Modern Soaking Pits. K. Rieder. 
(Stahl u. Eisen, 1957, 77, Feb. 7, 157-162). The author 
describes an automatic control system of soaking pits. The 
control system known as the ‘‘ Siamco-System ” was developed 
in Austria by Siemens & Halske, Vienna, in co-operation with 
Amsler-Morton Corpn. of Pittsburgh. Total-gas quantity, 
gas-air ratio, pressure in the furnace, and temperature are 
recorded and controlled, and the recording of another tempera- 
ture, e.g. the waste-gas temperature is possible.—r. c. 

Effect of an Axial Cavity on the Temperature History of a 
Surface Heated Slab. J. I. Masters and S. Stein. (Rev. Sci. 
Instruments, 1956, 27, Dec., 1065-1069). A theoretical study 
of surface temperature of a slab in presence of small holes 
drilled to within a fraction of a cm of the heated surface is 
described and an estimate is made of the error incurred by 
a by a transducer located at the end of such a 
hole. 

Induction Heating for Subsequent Hot Deformation as a 
Means of Improving the Surface Condition of Steel Parts. G. W. 
Seulen. (Metalloberflache, 1956, 10, Dec., 353-355). The 
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advantages and range of application of induction heating 
applied to parts which are subsequently hot-shaped are dis- 
cussed, and a number of examples given. Advantages include 
rapid heating, and reduction or prevention of scale formation, 
with a consequent improvement in surface condition.—t. D. H. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Modern Heat Treatment. A. A. Hofman. (Australasian Eng., 
1956, 49, Dec. 7, 47-55). A discussion of T.T.T. curves, their 
derivation, and treatments based on them, Martempering, 
austempering, normalizing and annealing are outlined. Iso- 
thermal and continuous cooling transformations are referred 
to and practical examples are given. 

High-Temperature Heat Treatment Furnaces. (Elect. Rev., 
1957, 160, Apr. 16, 736). A 2000° C Electric Furnace. (Lect. 
Times, 1957, 181, Apr. 18, 630). Brief accounts are given of 
the graphite-resistor furnace developed by G.E.C. and installed 
in B.S.A. Research Powder Metallurgy Laboratory. It can 
operate in a vacuum and takes a charge 9 in. dia. x 12 in. 
with max. wt. 90 Ib. 

Fuel-Fired Furnaces—The Working Space. E. Borras 
Brucart. (Acero Energ., 1957, 14, Jan.-Feb., 35-43). [In 
Spanish]. A good industrial furnace is defined as one that 
gives good products of perfect quality for the least cost of 
accomplished heat-treatment. The dimensions of the working 
zone inside the furnace are an important consideration in 
realizing this definition, and the author discusses the principles 
of design of a wide variety of furnaces ranging from blast- 
furnaces to muffles. Their characteristics are reviewed, and 
important points of construction are detailed.—P. s. 

Continuous Furnaces in Restricted Spaces. (Wild- Barfield 
Heat-Treatment J., 1957, 6, Mar., 2-5). Designs for saving 
floor space are discussed. 

A Survey of the Types of Furnace Atmospheres. ©. H. 
Vaughan. (Steel Processing, 1957, 48, Feb., 96-98, 100, 102— 
103). Six basic atmospheres and variations on them are 
outlined: exothermally produced combustion gas, endo- 
thermally produced combustion gas, nitrogen, dissociated 
ammonia, hydrogen and inert gases. 

Town Gas Atmospheres for Heat Treating Steel. (Machine 
Shop Mag., 1956, 17, Dec., 760-761). Partial combustion or 
cracking of town gas can be used to produce protective 
atmospheres. A table of conditions for various ferrous metals 
and a section on defects are added. 

Heat Treatment with Salt Baths in France. (Aciers Fins 
Spec. Frang., 1956, Dec., 31-40). An account is given of 
developments over the last 30 years or so in the use of salt 
baths for heat treatment of steels. Details are given of the 
bath mixtures and the temperatures required for different 
processes and a short description is given of some of the 
various types of salt bath furnaces.—kr. A. C. 

Isothermal Transformation in Relation to Heat-treatment of 
Steel. C. E. Mavrocordatos. (J. South Africn Inst. Min. Met., 
1956, 57, Dec., 305-327). A comprehensive review of the 
theory of transformations covering T.T.T. diagrams, and their 
interpretation, and related to practical applications such as 
isothermal annealing, austempering and martempering. 
(42 references). 

On the Deformation of Self-Hardening Tool Steels due to 
Heat-Treatment. III. Effect of Subzero-Temperature Treat- 
ment. K. Yokoyama and T. Matsukura. (Nippon Kinyoku 
Gakkai-Si, 1954, 18, June, 366-370). Three self-hardening and 
a 1-1% C tool steels were examined and change in length and 
hardness were compared, also magnetic and electrical proper- 
ties. Findings are given and discussed. 

Hardening in Holland. (Wéild-Barfield Heat-Treatment J., 
1957, 6, Mar., 8). A furnace installed by Koninklijke Demka 
Staalfabrieken N.V. for annealing, tempering and hardening 
steel bars is briefly described. 

The Data and Laws of Pure Science as Sources of Practical 
Discoveries. A. Portevin. (Problems and Perspectives of 
Czechoslovak Metallurgy and Foundry, 1956, 21-24). [In 
French and Czech]. An example given is the hardening of 
austenitic manganese steel after decarbonizing. 

The Cause of Hardening of Steel by Overheating and Be- 
haviour of Impurities in it. J. Kuroyanagi and H. Hirotani. 
(Nippon Kinzoku Gakkai-Si, 1955, 19, May, 343-346). [In 
Japanese]. Electron-microscopical observations were made 
on 0-9% C steel. In the over-heated state, grain boundaries 


AUGUST, 1957 





ng 
is- 
de 


n, 


— 


— SV Se 


'— 





ABSTRACTS 447 


were not more broad than in the standard state; and, in the 
hardened state, segregated precipitates were “ea, in the 
ferrite instead of at the grain boundaries.—k. E. 

Conditioning Tooth Surfaces of Hardened Piadens. ( Metal- 
working Prod., 1956, 100, May 4, 480). The tooth surfaces of 
hardened automobile pinions are conditioned by a process 
carried out on a gear burnishing machine made by the Fellows 
Gear Shaper Co. The process requires only a few seconds per 
piece, but the effect on the pinion tooth surfaces is equivalent 
to that resulting from a run of a number of hours in a trans- 
mission.—M. A. K. 

Carburising in Cornwall. (Wild-Barfield Heat-Treatment J., 
1957, 6, Mar., 10). An account of an installation on the 
Carbodrip system. 

High Temperature Gas Carburizing of Steel. G. M. Shuval, 
I. 8. Lupakov and I. A. Feldman. (Metallovedenic i Obrabotka 
Metallov, 1956, 2, (6), 49-52). A study approximating to 
practical conditions in a vertical electric furnace was carried 
out on the carburizing of 1I8KhGT steel at a higher tempera- 
ture. (1050° C instead of 930°). The rate of carburizing was 
trebled and the gradient decreases for equal depth of case 
owing to accelerated diffusion. Austenite does not increase 
substantially in grain size and mechanical properties are not 
impaired. A table of other grades of steel is added. 

Case-Hardening of Carbon and Alloy Steels. Use of Solid 
Compounds and Cyanide Baths. J. E. Jubb. (Metal Treatment 
and Drop Forging, 1957, 24, Mar., 99-104, 106). Box ecar- 
burizing and the cyanide salt bath processes are outlined. 
Depth of case, core refining and hardening, and defects are 
briefly discussed. : 

On the Case-hardening of Steels by Modified Gas Utilizing 
Oxygen. IV. On the Material of the Container. N. Shirai. 
(Tetsu to Hagane, 1956, 42, Oct., 975-979). [In Japanese]. The 
container must not absorb the gas used for carbonitriding. 
Electroplated steels, calorised steels and various alloy cast 
irons were examined for resistance to the atmosphere: the 
most effective were steel calorised and fully oxidised in air; 
iron rg with 10% Si and 1% Al; and iron alloyed with 
10% Si, 1% Al and 10% Co.—k. E. J. 

Surface Hardening of Spheroidal Cast Iron by + 
Heating. E. Miinsterova. (Slevarenstvi, 1956, 4, Nov., 323- 
329). Two irons of different composition were used with 
0-85% and 1-5% Mn. Metallographic examination of the 
hardened layers is reported and optimum conditions laid 
down. 

Surface Hardening of Large Crankshaft Journals by Induc- 
tion Heating at Low Specific Power. G. M. Tel’nov and S. N. 
Sizov. (Vestnik Mashinostroeniya, 1954, 84, (12), 66-68). 
Diesel crankshafts are discussed and hardened layer and 
heating current related to size. Preliminary trials are recorded 
in which microstructure was examined against operating 
conditions. The importance of temperature measurements is 
noted and the need to investigate residual stress. Final 
operating conditions are given. 

Induction Hardening of Machine Tool Slideways. (Machinery, 
1956, 89, Aug. 3, 276-278). Methods developed by the Heat- 
treatment Division, at Burton-on-Trent of the Electric 
Furnace Co., Ltd., for the induction hardening of the surfaces 
of machine tool slideways are described. It is claimed that this 
work has met with considerable success, and on an experimental 
rig, designed to permit the hardening of workpieces of a 
variety of shapes, beds for certain lathes of up to 11 ft long are 
being regularly hardened.—x. a. kK. 

H.F. Hardening —_ Mower Export. T. E. W. Preston. 
(Metalworking Prod., 1956, 100, Aug. 24, 1327-1332). 

Five-Ton Mains-Frequency Coreless Induction Furnace. 
(Engineer, 1957, 208, Mar. 29, 490-491; Engineering, 1957, 
183, Mar. 29, 406). The International Combustion Ltd. 
installation by Birlec Ltd. is described. 

Anti-Corrosion Nitriding. J. Zbofil. (Materidlovy Sbornik, 
1956, 79-95). [In Czech]. An experimental study was made 
of the principal parameters affecting efficiency and quality of 
nitriding and nitrided layers respectively. Metallographic 
aspects, corrosion tests and nitriding schedules are discussed. 

Studies on Heat-Treatment of Silicon Steel Sheets, II. T. 
Takei, H. Mizuno and K. Haga. (Rep. Sci. Res. Inst., 1956, 
32, Abstracts 26, 8). Ca(OH),, Mg(OH), and Al,O, and 
mixtures were tested as coatings for insulation purposes. Heat 
treatments for these are given but Al,O, does not appear 
suitable on account of wear by abrasion. 
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Removing the High Brittleness of Hot-Rolled Transformer 
Steel. V. A. Koroleva and M. I. Sherstyuk. (Stal’, 1956, (6), 
545-548). [In Russian]. The effects of silicon, hydrogen, 


grain size and structurally free cementite on the brittleness of 
0-5 mm thick transformer steel have been studied experi- 
mentally. Repeated vacuum annealing at 800—-900° ( 


removed unevenly distributed brittleness due to liberation of 
free cementite at grain boundaries, which was the main cause. 
Loss of plastic properties due to hydrogen was eliminated by 
heating the pickled sheets to 100—-200°C or by prolonged 
storage at room temperature; grain size as such had no effect on 
these properties. Higher silicon contents resulted in increased, 
evenly distributed brittleness.—s. kK. 

Symposium on Continuous Annealing of Steel Strip 
General Considerations. H. Drever. (Jron Steel Eng., 1957, 
34, Feb., 69-72). This paper describes the continuous an- 
nealing of tinplate strip. Details of continuous furnace 
operation and the characteristics of the annealed strip are 
given. General Considerations. ©. E. Peck. (74-79). This 
paper deals with the design considerations of large size vertical 
stand annealing furnaces applied particularly to the annealing 
of tinplate. Furnace capacity and cycles are discussed as well 
as methods of heating the strip. Mechanical Equipment. 
H. W. Lynn and M. D. Baughman. (80-87). This paper 
describes an ‘ideal’ high speed, continuous annealing line 
for tinplate gauges. Details of layout and engineering features 
are discussed. Electrical Drives. E. B. Fitzgerald. (87-91). 
The paper examines the special problems encountered in the 
design and application of electrical drives to the strip propelling 
means of a 2000 ft per minute continuous strip steel annealing 
line.—m. D. J. B. 

Induction Heating for Inter-stage Annealing in High-speed 
Press Operations. K. A. Zandstra. (Machinery, 1957, 90, 
Mar. 1, 463~—470). Induction heating installations and handling 
equipment are described and uses are outlined with photo- 
micrographs of metal before and after bending and annealing. 

Induction Heating for the Interstage Annealing of Com- 
ponents on High-Speed Press Lines. K. A. Zandstra. (Sheet 
Metal Ind., 1957, 34, Mar., 177-188). Equipment is described 
and advantages of the process are set out. Other points arose 
in discussion. 

Laminations Relieved by Continuous Process. (.Vetalworking 
Prod., 1957, 101, Apr. 12, 629-630). The plant installed by 
B.T.H. at Rugby, made by Metalectric Furnaces Ltd. is 
described. 

Recrystallization and Intermediate Annealing of Low- 
Carbon Steels Subject to Cold Working. V. Vrzal. (Materidlov 
Sbornik, 1956, 55-78). [In Czech]. The relations between 
degree of deformation, annealing temperature and grain size 
attained were studied in 0-06 and 00-15% C steels, and opti- 
mum annealing schedules in the range 560-615° C were 
determined. Coarsening occurred if the strains exceeded 
12-15 and 11% respectively.—?. F. 

Study of Austempering of Structural Low-Alloy Steels, I. 
The Isothermal Transformation at the Region of the Bainite 
Knee. H. Hotta and I. Tatsukawa. (Nippon Kinzoku 
Gakkai-Si, 1954, 18, Jan., 21-25). Steels with 0-26 C, 3-39 Ni 
and 1-22 of Cr and 0-45 C, 1-43 Ni, 0-84 Cr and 0: 26 Mo 
were examined by micrography and hardness test and iso- 
thermal diagrams were constructed. The somewhat complex 
findings are summarized. 

The Effect of Chilling Cementation Steels at Temperatures 
below Freezing. A. Andreotti. (Rivista Mece., 1954, 5, 
June 5, 9-14). [In Italian]. The author describes the effects of 
submitting case-hardened steels to temperatures below 0° C. 
The failures of a number of these steels are discussed in some 
detail. Micrographs and diagrams showing the relation 
between hardness, freezing and heat treatment are given. 

New Bumper Spring Plant Fully Automated. (Western 
Metals, 1957, 15, Jan., 49-53). Rheem Automotive Co.’s new 
heat-treatment and plating plant is described. 

On the Mechanical Properties of Rapid-Heated and Quenched 
Steel. I. S. Owaku and K. lijima. (Nippon Kinzoku Gakkai- 
Si, 1954, 18, June, 362-366). Heating temp. and holding 
time were varied and semi-rapid heated quenched steel was 
found superior on account of the larger quantity of retained 
austenite, hardness decreased less on tempering and temper- 
embrittlement at 220-240° was not observed. 

Isothermal Quenching in Salt Increases Tool Life. D. 
Straniero. (Metalworking Prod., 1956, 100, Sept. 7, 1433— 
1436). High-carbon low-chromium drills are treated by the 
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Isoperm process in which they are plunged into ‘a salt bath 
slightly above the Ms point and transferred to a holding 
bath at the Ms temperature for 10-12 h to produce maximum 
toughness. Results are contrasted with Martempering and 
Austempering. 

Practical Problems of Heat Treatment Solved by Means of 
Diagrams. E. Forcellini. (Rivista Mecc., 1954, 5, July 31, 
21-24). [In Italian]. The author describes a graphical method 
of determining tempering temperatures and gives nomo- 
grams from which the current heating temperatures can be 
read off against the size of the part to be treated.—m. D. J. B. 


FORGING, STAMPING, 
DRAWING, AND PRESSING 


Hot Working of Stainless Steels. C. Rosa. (Rivista Mecc., 
1955, 6, Sept. 3, 18-22). [In Italian]. This article describes the 
various ways of hot working stainless steels. A brief code 
of practice is given for forging and hot rolling. Methods of 
heating and dressing ingots are discussed. Billet rolling and 
heat treatment techniques are described as well as descaling 
operations.—m. D. J. B. 

Forging and Pressing of Quality and Special Steels in France. 
(Aciers Fins Spec. Frang., 1956, June, 59-63). Examples are 
given of numerous mechanical parts which can be produced by 
modern forging and pressing techniques. Details are given 
of special steels developed for high quality products, and 
reference is also made to the special steels required for dies and 
press tools.—k. A. C. 

Steel and Titanium Forgings. S. R. Carpenter. (Aircraft 
Prod., 1957, 19, Feb., 50-53). The need for forging to closer 
tolerances is discussed on account of the cost of machining 
at present encountered. . 

Modern Technology of Crankshaft Forging. J. Sedivec. 
(Czech. Heavy Ind., 1957, (2), 10-14). 

Forging Large Nozzles for Guided Missiles. R. D. Springer. 
(Machinery, 1956, 89, Dec. 14, 1350-1353). 

Wrought Iron Railway Wheel Research at the University of 
Tilinois. H. J. Schrader. (Amer. Iron Steel Inst. Reg. Tech. 
Meetings, 1956, 151-161). Testing methods with typical 
failures are described. 

The Inspection of Drop Forgings. H. J. Merchant. (Auwstra- 
lasian Eng., 1956, 49, Nov. 7, 47-49, 72). Preliminary inspec- 
tion of dies or tools, processing inspection in the shop and 
final inspection by gauging and crack detection are all de- 
scribed. Metallurgical inspection and quality control are then 
discussed. 

Stamping of Stainless Steel Sheet and Surface Finishing. G. 
Chiuppani. (Rivista Mecc., 1955, 6, Sept. 3, 29-41). [In 
Italian]. The author gives a brief review of the fundamentals 
of stamping. The characteristics of stainless sheets are 
discussed and their behaviour compared with that of mild 
deep-drawing steels. Procedures to be followed in stamping 
stainless steels are put forward and the best methods of 
surface finishing are reviewed.—. D. J. B. 

The Present Position and Knowledge of Peening. 0. Fors- 
man. (Lastechniek, 1957, 28, March, 53-55). [In English]. A 
report prepared for a committee of the International Inst. of 
Welding. 

Elevated Temperature Drawing Gives Steel Unique Proper- 
ties. (Jron Steel Eng., 1957, 84, Feb., 191). A new method of 
producing high grade hot drawn bars is described. The 
method consists largely in the careful selection of the steels 
and the control of heat treatment operations.—m. D. J. B. 

Metallurgy of Steels for Deep-Drawing. A. J. K. Honeyman. 
(J. Bham Met. Soc., 1957, 37, Mar., 465-496). Factors which 
determine the mechanical properties of mild-steel sheet are 
surveyed with emphasis on coiling temperature and its effect 
on grain size. Reference is made to tests and empirical 
methods of assessing deep-drawing properties. The correlation 
between the phenomena of yield-point elongation, stretcher- 
strains and ageing is discussed, together with the factors 
affecting the rate of ageing, in terms of the Cottrell theory of 
locking of dislocations by impurity atoms. Surface defects 
which may arise from manufacturing and fabrication processes 
are reviewed.—A. H. M. 

Experience in the Reduction of Tubes with Stretching. M. M. 
Kaufman, A. Z. Gleiberg, E. O. Nodev and P. K. Shanin. 
(Stal’, 1956, (6), 541-545). [In Russian]. 3-4% Stretching in 
the reduction of thin-walled tubes for subsequent drawing 
or cold-rolling is reeommended. The advantages of this have 
been established practically, and are listed.—s. K. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


Calculation of Forces and Power Required for Drawing Steel 
Wire. G. Padlini. (Rivista Mecc., 1955, 6, Nov., 26, 49-51). 
[In Italian]. The author establishes a formula for determining 
the total work done in wire drawing. Such factors as the angle 
of the are, the type of lubricant used, drawing temperature, 
reduction of section, the chemical and mechanical properties 
of both die and wire and drawing speeds are taken into 
account.—M. D. J. B. 

Experience in Adjusting Repeaters on a Wire Mill. S. N. 
Filipov, N. I. Beda and G. P. Borisenko. (Stal’, 1956, (7), 
614-619). [In Russian]. A new, simple and accurate method 
of adjusting repeaters has been developed which can be used 
by relatively inexperienced operators. Its adoption has 
contributed to improved operation of a wire-mill.—s. kK. 

Manufacture of Steel Wire by Twisting. T. Nishioka. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Sept., 538-541). [In 
Japanese]. Wire from four samples of steel (analyses given), of 
carbon content between 0-16 and 0-81%, was patented, drawn 
and twisted, and the mechanical properties determined. Two 
effects are distinguished, that of formation and that of twisting. 
When the former is greater than the latter, tensile strength 
increases and elongation decreases; this is the case with 
patented wire. When the magnitudes of the effects are 
reversed, the trends of the properties are also reversed; this is 
the case with drawn wire.—k. E. J. 

New Devices for Making Multi-Layer Cables. S. T. Sergeev 
and A. 8. Filonenko. (Stal’, 1956, (6), 560-563). [In Russian]. 
Devices for multi-layer cable-making developed by the All- 
Union Institute for the Organization and Mechanization of 
Mine Construction are described. They secure uniform 
stretching of individual strands during manufacture and 
better cable quality.—s. K. 


ROLLING-MILL PRACTICE 


The Theory of Rolling. H. Ford. (Met. Rev., 1957, 2, (5), 
1-28). (74 references). 

Preliminary Considerations on the Problem of Rolling Steel in 
Latin America. E. Macedo Soares e Silva. (Bol. Assoc. Brasil 
Met., 1956, 12, Oct., 317-330). [In Portuguese]. The author 
discusses the particulars of the design and installation of 
modern rolling mills in integrated steel works in Latin America 
with reference to the large output of cogging and continuous 
mills and the relatively small and varied markets. He con- 
cludes that initial investments should be greater than those 
strictly necessary to allow for future expansion, and that it is 
not advisable to wait for the markets to increase first.—pP. s. 

Production of Spheroidal Iron Rolls for Rolling Mills. O. 
Neéas. (Slevarenstvi, 1956, 4, Aug., 237-243). Production in 
the U.S.S.R. is reviewed. Rolls up to 25 t are now made. 
Comparison is made with grey iron rolls, and the need for 
surface hardness is noted. 

Investigation of Cast Rolling-Mill Rolls. 8. I. Stupar’, N. V. 
Kandler and T. I. Albul. (Stal’, 1956, (7), 638-645). [In 
Russian]. An account is given of a detailed metallographic, 
mechanical and chemical investigation made on two rolls 
which had developed surface flaking at the journals. The 
probable causes of this fault were established.—s. k. 

Quality of Cast-Iron Rolls for Section Rolling. A. E. Krivo- 
sheev. (Stal’, 1956, (7), 649-650). [In Russian]. Some prob- 
lems in the chill-casting of iron rolls are briefly considered with 
special reference to metal quality at the roots of the passes. 

Improving the Quality of Cast-Iron Rolls for Section- 
Rolling. T. A. Kal’yanov, Ya. I. Brezhnev, L. 8. Rudnitskii, 
N. P. Koteshov, B. B. Ezerskii, N. A. Cherkun, Z. I. Suslovich 
and N. K. Zabelin. (Stal’, 1956, (7), 647-649). [In Russian]. 
The evaluation of roll quality is considered and views on this 
and ways of improving quality are critically discussed in the 
light of operating experience.—-s. K. 

New Cast Irons, Their Properties and Application for Rolling- 
Mill Rolls. H. Goebel. (Stahl u. Eisen, 1957, 77, Feb. 7, 143- 
157). This is a very detailed account of the advantages of 
using spheroidal-graphite and indefinite-chill cast iron for 
rolling-mill rolls. The following subjects are discussed: 
Structure, composition (effect of carbon, silicon, manganese, 
sulphur, phosphorus, and alloying additions), mechanical 
properties and performance in heavy, medium, and small, and 
wire and strip mills. Performances are listed in a table.—t. a. 


Steel Castings for Rolling Mill Plant and Ancillary Equip- 
ment. (British Steelfounders’ Association. Pamphlet 1957, pp. 
16). Types of mills are discussed and the castings illustrated. 


AUGUST, 1957 








teel 
D1). 
ing 
gle 
ire, 
bles 
nto 


7), 
od 
sed 


ca. 
In 


wm 
vo 
1g. 
th 
th 

re 


av 
1]. 
l]- 
of 
m 
id 


: 





{BSTRACTS 449 


Steel Mill Drives—Past, Present and Future. R. H. Wright. 
(Tron Steel Eng., 1957, 34, Jan., 76-81). The author reviews the 
developments made in electric mill duties over the past 50 
years in the U.S.A.—m. D. J. B. 

The Mechanical Properties of Steel Sheet Rolled from Con- 
tinuously Cast Ingot. N. L. Komandin. (Sheet Metal Ind., 
1957. 34, Apr., 289-290; from Metallovedenyi i Obrabodka 
Metallov, 1956, (5), 12). A two strand vertical continuous 
casting machine started in June 1955 supplied ingots and 
from the same ladle conventional ingots were cast. These 
were rolled into sheet, sampled, and examined. The sheet 
from the continuous casting machine was more uniform, 
more ductile and more impact-resistant, and the hot cracks 
were found to weld up during roiling. 

New Type-650 Heavy-Section Mill. N. P. Kologrivovy. 
(Stal’, 1956, (6), 5387-541). [In Russian]. The performance of a 
Soviet rolling mill, first worked in 1953, is analyzed. On the 
whole, excellent results have been obtained and defects found 
have been eliminated.—s. k. 

Rationalization of the Rolling of Channel Beams. B. V. 
Merekin. (Stal’, 1956, (6), 570-571). [In Russian]. An im- 
proved procedure adopted at the author’s suggestion at the 
Anshan Works in China for producing channels is_ briefly 
described. Bending plays an important part in the procedure, 
the guides requiring re-facing after 2000-3000 tons of channel. 

Wide Flange Beam Rolling at Inland Steel Co. W. E. 
Dittrich. (Iron Steel Eng., 1957, 34, Jan., 67-74). This 
article describes the conversion of a section mill to roll 
both standard and broad flange beams. The mill can now 
roll 8 5} in. to 24 « 9 in. broad flange beams at rolling 
rates of up to 780 t a shift.—M. D. J. B. 

Notch-Tough Semi-killed Steel Plate. J. K. MacDonald. 
(BHP Technical Bulletin, 1957, 1, Mar., 32-36). Properties 
of plates made at Port Kembla are given and production 
briefly described. 

Twelve-Roll Mills for Rolling Thin Strip. A. I. Tselikov, A. 
\. Korolev, A. D. Kuz’min, A. M. Kogos and P. I. Solov’ev. 
Stal’, 1956, (6), 531-536). [In Russian]. The rated characteris- 
tics, design and performance of a twelve-roll mill for cold- 
rolling thin and very thin strip introduced in the U.S.S.R. 
are described. Results were so satisfactory that wider use of 
these mills is envisaged.—s. kK. 

Problems of Cavity Formation in Tube Rolling by the 
Mannesmann Process. B. Potta. (Problems and Perspectives 
in Czechoslovak Metallurgy and Foundry, 1956, 271-278). 
Cavities can be prevented by correct adjustment of roll speeds 
and pressures. 

Pipe Mill is Electronically Controlled. (S/ee/, 1957, 140, Jan. 
21, 76, 78-79). The plant of Alberta Phoenix Tube & Pipe 
Ltd. is described in general terms. 

Mechanized Statistical Analysis of the Influence of Tech- 
nological Factors on the Quality of Rolling-Mill Rolls. N. V. 
Kandler, M. L. Rabinovich and V. 8. Khomenko. (Stal’, 
1956, (7), 634-638). [In Russian]. A punched-card system for 
the statistical analysis of production and quality factors for 
cast steel rolls is described and some results given.—s. K. 

N.P.L. Instrument to Measure Large-Roll Camber. P. W. 
Harrison. (Metalworking Prod., 1956, 100, Oct. 19, 1692 
1695). 

General Automation of Rolling Mills. M. Krejéik. (Prob- 
lems and Perspective in Czechoslovak Metallurgy and Foundry, 
1956, 279-291). New gauges, relays, thickness measurement 
without contact, a tensometer and a method of adjusting the 
top blooming roll are discussed. The control of flying shears 
is described, and problems are outlined. 

Mechanized Production of Structural Steelwork. (Machinery 


~~ 


1956, 89, Aug. 3, 268-275). The article describes the recently 
installed mechanised plant for semi-automatic cutting-off and 


drilling of structural steel sections, at the London works of 


Sanders and Forster Ltd. Apart from direct benefits in the 
form of increased output, skilled labour is dispensed with, and 
safety has been increased by use of safety interlocks in the 
various mechanisms which preclude incorrect use.—M. A. K. 

Construction and Application of Draft Recorder on a 44 in. 
Blooming Mill. N. 8. Wells and J. Sibakin. (Jron Steel Eng., 
1957. $4, Jan., 103-112). The authors describe a draft 
recorder which provides a simultaneous record of draft and 
roll opening (in in.) and rolling load (in amp.). The recorder 
has led to a reduction in number of passes on bloom ingots of 
plain carbon grade.—M. D. J. B. 
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Application of Photoelectric Cells to 10-inch Bar and Rod 
Mill Auxiliaries. W. LL. Hanson. (Amer. Jron Steel Inst. Req 
Tech. Meetings, 1956, 395-404). 

Use of Repeaters in Rolling Alloy Steel. A. P. Chekmarey 
and 8. Z. Yudovich. (Stal’, 1956, (7), 609-614). [In Russian}. 
Mechanization of 280 and 325 mm trains by installing re 
peaters on both sides at Dneprospetsstal’ works has led to a 
considerable productivity increase in rolling alloy steels wit! 
improved neh quality.—s. K. 

Continuous Gauging of Hot-Rolled Steel Strip. (Hnyineer 
1957, 208, Apr. 12, 573-574). The Baldwin Instrument Co 
y-ray thickness gauge is described. 

Strip-Width Meters Utilising Radioactive Isotopes. J. Kuba 
(Shornik De fektoskopie, 1956, ILI-IIS). In © soles . The 
basie principles of the method, as well as the design of equip 
ment are discussed with special reference to instruments 
developed in Czechoslovakia.—P. F. 

Edge Position Control for the Steel Strip Industry. F. J 
Markey. (Jron Steel Eng., 1957, 84, Feb., 119-128). The 
author discusses details that should be considered in the 
design of a continuous process line when edge control is 
applied to either the pay -off or wind up reels, or at some other 
intermediate point within the process. M.D. J. B. 

The Average Amount of Elongation in Irregular Calibrations. 
Z. Wusatowski. (Neue Hiitte, 1957, 2, Jan., 24-35). A theoreti 
cal comparison of the various formule is followed by a general 
analysis of the formule for the mean elongation and a 
discussion of rolling samples. The LENDL and PUPPE 
formule were found to ca inaccurate; that of Gorecki was 
found to be correct.—L. J. L. 

Alloy Steel: Semifinished: Hot Rolled and Cold Finished 
Bars. Supplementary Information 1955. (Amer. ron Steel 
Inst. Steel Prod. Man., 1957, pp. 51 

Modern Steel Mill Communication Systems——Industrial 
TV-2-Way Radio. N. ©. Youngs. (Jron Steel Eng., 1957, 34, 
Jan., 92-94). The article describes a complete industrial 
TV network set up at the Rouge rolling mills of the Ferd 
Motor Co. Viewers watched on live TV the operation of a hot 
strip mill. The camera set up was such that the audience 
could jump from scene to scene or follow a particular slab 
through the entire rolling operation. M.D. J. B. 


MACHINERY FOR IRON AND 
STEEL PLANT 

Mobile Material Handling Equipment at Kaiser Steel 
Corporation. E. M. Wilkerson. (Amer. Iron Steel Inst. Reg 
Tech. Meetings, 1956, 369-393). 

Automatic Proportioning. (.Wech. Handling, 1957, 44, Feb., 
70-73). An account of the Select-O-Weigh automatic batel 
weighing unit. 

Statistical Evaluation of Breakdowns of Electrical Installa- 
tions. V. Steinecke. (Stahl u. Eisen, 1957, 77, Jan. 24, 100 
103). Statistical evaluation is used for predicting the suscepti 
bility to breakdowns of electrical plants in iron and steel! 
works. Consequently the weakest points in a plant are 
revealed so that they can be eliminated. The method is 
mainly based on breakdown-frequency distribution curves. 


LUBRICATION 


The Spreading Pressures and Works of Adhesion of Liquid 
Hydrocarbons on Chrome-Steel and Chromium Surfaces. I. J 
Clayfield, D. J. A. Dear, J. B..Matthews and T. V. Whittam 
(Proc. 2nd Internat. Congress of Surface Activity, preprint, 
1957, (2), 67-77). 

Friction and Lubrication. N. Pilpel. (Research, 1957, 10, 
Apr., 138-144). A review of recent advances is given, with 
consideration of the structures and properties of “at de ta 
from a generalized standpoint. 

The Lubrication Temperature Characteristics of a Perfluori- 


nated Fatty Acid on Metal Surfaces. KR. F. Deacon and D 
Tabor. (Proc. 2nd Internat. C ongress of Surface ler j 
preprint, 1957, (2), 209-212). Iron, steel, copper and othe 


metals were tested with perfluorodecanoates. 

Protective After-Effect of Cutting Emulsions and their 
Lubricating Properties. A. Nasini, A. Ferro, G. Ostacoli and 
G. Zazzaroni. (Proc. 2nd Internat. Congress of Surface Activity, 
preprint, 1957, (2), 239-247). Electrode potential and fric 
tional coefficients were measured simultaneously on iron in 
presence of various emulsions. 
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WELDING AND FLAME CUTTING 


Comparative Study of Welding Techniques in Europe. A. Lo 
Giudice. (Ing. Mecc., 1957, 6, Jan., 33-39). [In Italian]. The 
author reviews welding techniques in the principal industrial 
countries in Europe. Reference is made to codes of practice 
and specifications and examples are given of noteworthy 
welded structures and weldments.—um. D. J. B. 


Welding Cast Iron. (Zorch, 1956, Winter, 10-11). A brief 


practical guide to technique and common faults. 

Repair of a Cast Iron Machine Side-Frame. L. Miller. 
(Welding Metal Fab., 1957, 25, Apr., 131-132). Oxy-acetylene 
welding of a cast iron frame 14 ft 5 ft and 4 in. thick is 
described. 

Welding of Grey Cast Iron with VUS Electrodes. L. Lakato’. 
(Slevarenstvi, 1956, 4, July, 213-218). 

Repair of the Cast-Iron Cylinder of a Hammer by Arc 
Welding. By A. S. Astaf’ev. (Stal’, 1956, (7), 656-658). [In 
Russian]. The repair of a burst cylinder of a hydraulic forging 
hammer is described. A special arc-welding technique was 
used.—s. K. 

Practical Applications of Inert-Gas Shielded Metallic Arc 
Welding. J. A. Lutze and J. P. Best. (Australasian Eng., 
1956, 48, May 7, 56-62). Recent developments in applying 
the process to mild steel are reviewed and Australian progress 
in this application is described.—a. w. Mcc. 

Designing Welded Joints for Dissimilar Steels. H. Thielsch. 
(Machine Design, 1956, 28, April 5, 97-103). The author 
discusses the factors affecting the joining by welding of two 
or more different materials. The engineering characteristics, 
service capabilities, electrode specifications and temperature 
conditioning are given for many types of steels.—m. A. K. 

Welding of Austenitic Chrome-Nickel Steels and Other 
Heat-Resisting Alloys. E.P. L’vova. (Svarochnoe Proizvodstvo, 
1955, (11), 27-31). A review mainly of British and U.S. 
work is given with comparisons with work in the U.S.S.R. 
Hot-cracking is discussed and the tendency to this defect is 
much reduced by presence of 3-10% ferrite in the weld metal. 
The harmful effect of sigma-phase can be reduced by heat 
treatment. 

How to Weld Gas-Turbine Alloys. A. L. Cooper and H. L. 
Printz. (Metalworking Prod., 1956, 100, Oct. 12, 1642-1647). 
Choice of electrodes, processes and fixtures are described, 
based generally on current Westinghouse practice. 

Production of Welded Tubes from Sheared Strip. F. D. 
Manevich, (Stal’, 1956, (7), 653-654). [In Russian]. Condi- 
tions for using sheared rimming steel strip for producing 
satisfactory 4-inch tubes by furnace welding were determined 
in the investigation briefly described. Special attention was 
paid to sulphide inclusion distribution. Correct temperature 
and even shape were found to be the principal factors.—s. k. 

Choice of Electrodes for Mild Steel from the Productivity 
Viewpoint. H. Hoffstedt. (Dansk Tekn. Tidsskr., 1956, 80, 
Oct., 273-278; Nov., 297-303). [In Swedish]. The author 
discusses the influence of material selection on welding output 
and describes suitable electrodes for increasing productivity. 
After reviewing welding errors occasioned by the material he 
gives details of the characteristics of Swedish mild steels, of 
the normal types of electrode and of measures to increase 
output (such as downhand welding where high-recovery and 
penetration electrodes can be employed). These two types of 
electrode are dealt with in some detail.—c. G. K. 

High-Nickel Electrode Welds Most Dissimilar Metals. (Iron 
Age, 1957, 179, Feb. 14, 122-123). Typical test data on 
dissimilar metal joints are given. 

Inco-Rod “ A” A New Welding Electrode. (Henry Wiggins 
and Co. Ltd., Report, pp. 6). An electrode for joining dissimilar 
alloy combinations is described and a series of weld test results 
is given. 

Production of Welding Rods by Casting. Z. Eminger, Z. 
Lehky and K. Lobl. (Slevarenstvi, 1956, 4, Sept., 257-263). 
Processes for the production of Co—Cr—W, Ni-Cr, Ni-W-Cr-V, 
Fe-Cr and Fe-Cr-Ni are given. The recovery of chips, 
borings, and dust from Co-Cr-W welds by remelting is 
described. 

Weld Quality Rides with Steel Selection. A. C. Ward. (Jron 
Age, 1957, 179, Feb. 21, 104-106). A brief review of the usual 
types of steel and the effects of hot-rolling and cold-working, 
and their welding properties. 

On the Weldability of Low-Carbon Killed Steel Hoops. 
S. Hasebe, et al. (Z'etsu to Hagane, 1956, 42, Sept., 933-935). 
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[In Japanese]. Welding currents are correlated with results on 
killed and rimmed steel specimens.—k. E. J. 

Weldability of Three Ferritic Chromium-Molybdenum 
Bearing Steels. B. Trehearne. (Welding Metal Fab., 1957, 
25, Feb., 48-52). Three steels, respectively Cr 1%, 4-6 and 
2-25%; Mo4%, 4%, and 1% were examined by rapid dilata- 
tion tests, and controlled thermal severity tests, and welding 
procedure is suggested. An appendix explains the success of 
low-temperature treatment of the 4-6% Cr steel and com- 
pares it with two constructional steels. 

A Summary of Recent Work on the Murex Hot-Cracking 
Test. P. W. Jones. (Brit. Welding J., 1957, 4, Apr., 189-197). 
Testing conditions for 8 s.w.g. electrodes are established. 
Effect of machine speed and size of fillet have been measured. 
Effects of weld metal composition on hot cracking, particularly 
sulphur content, are determined 

High-Temperature Brazing Proves OK for Jet Engines. 
J. V. Long, G. O. Cremer and R. 8S. Mueller. (SAE. J., 1957, 
65, Mar., 43-49). An abridgement of a paper available from 
the society. Typical parts are described and illustrated. 

Ultrasonic Inspection of Soldered Joints. R. Hornung. 
(Schweiz. Arch. Wiss. Techn., 1956, 22, Oct., 334-338). The 
application of a quartz ultrasonic wave transmitter/detector 
to the inspection of soldered joints is described. The signal 
spectrum produced in traversing a sound joint is illustrated 
together with a test piece used to adjust the quartz unit. 
Examples of flaws detected by this technique are illustrated. 

Welding Low Alloy Cr/Mo Steels for Oil Industry Equipment. 
F. F. Ates, L. Capel, and C. P. M. Kym. (Lastechn., 1956, 
22, Nov., 181-186). [In Dutch]. This report considers the 
reasons for the adoption hitherto of low alloy steels in the 
construction of petroleum industry equipment together with 
the attendant difficulties that have arisen therefrom. The 
most important of the latter concerned the weldability of the 
steels employed. The results of laboratory experiments in 
this connection are included and the latter are being extended 
by field tests that are still in progress.—¥. R. H. 

Present Day Achievements of Deep Penetration Techniques. 
G. Doneux. (Rev. Soudure, 1956, 12, (3), 159-166). [In 
French]. The best way of producing a deep penetration weld 
is described and specifications for deep penetration electrodes 
are discussed. The author examines the influence of depth 
of penetration on joint strength. Considerable technical data 
in table form are given.—«M. D. J. B. 

The Arcair Process. G. Doneux. (Rev. Soudure, 1956, 12, 
(3), 150-158). [In French]. The author describes a process 
of gouging out portions of metal from castings and forgings 
of all types including carbon steels, stainless and 14° Mn 
austenitic steels and non-ferrous alloys. Briefly the method 
consists in removing the metal by melting it with an electric 
are using a carbon electrode and submitting the pool of molten 
metal to a jet of compressed air. The techniques, costs, scope, 
and practical applications are discussed.—m. D. J. B. 

On the Welding Arc Atmosphere. I. Ohnishi and Y. Kikuta. 
(Osaka Univ. Fac. Eng. Techn. Rep., 1956, 6, Mar., 155-161). 
Atmospheres resulting from various electrode coatings were 
examined with particular reference to hydrogen. 

Numerous Automatic Submerged-Are Welds in New Auto- 
mobile Axle Housing. A. F. Boucher. (Welding J., 1956, 
Nov., 1120-1124). Automatic welding as applied to the 
welding of rear-axle housings and other components of auto- 
mobile chassis at Buick Motor Division (General Motors) is 
described.—v. E. 

Multipower Submerged-Arc Welding of Pressure Vessels and 
Pipe. R. A. Kubli and H. I. Shrubsall. (Welding J., 1956, 
Nov., 1128-1135). Multipower welding employs two or more 
welding wires and more than one power supply. The tech- 
nique is applied to the welding of 6 in. thick wall of a pressure 
vessel. The Scott connection which is described by the author 
is shown to be the simplest apparatus and control system for 
multiphase welding.—v. E. 

Development of a Ferritic-Austenitic Weld Joint for Steam 
Plant Application. J.T. Tucker jun. and F. Eberle. (Welding 
J., 1956, Nov., 529s—540s). Factors involved in the cracking 
of ferritic austenitic weld joints subjected to temperature and 
pressure cycling were evaluated by thermal-cycling tests. An 
apparent solution to the problem was found in certain pro- 
tective weld features and in the use of austenitic electrodes 
depositing weld metal of a coefficient of expansion approaching 
that of the ferritic steels.—v. E. 


AUGUST 1957 





son 


ium 
957, 
and 
ata- 
ling 
s of 
om- 


‘ing 
97). 
ed. 
red. 
urly 


1es. 
57, 
‘om 


ng. 
The 
‘tor 
nal 
ted 
nit. 
ed. 
nt. 
56, 
the 
the 
ith 
“he 
the 
in 


led 


es. 
‘In 
eld 
les 
»th 
ita 


12, 
ess 
1gs 
Vin 
od 
ric 
en 
pe, 


ta. 


are 


6, 
re 
h- 
ire 
or 
or 


1m 


ng 
nd 
An 
‘O- 
es 


ng 





ABSTRACTS $5] 


A Study of Automatic Submerged Arc Welding. A. Lo 
Giudice (Ingegneria Mecc., 1956, 5, Feb.. 5-15). [In Italian]. 


The objective of this study is to establish the limits of 


application of automatic submerged arc welding to vessels 
submitted to pressure. The tests described conform to 
Lloyds and other equivalent specifications.-M. D. J. B. 

Metallurgical Problems of Arc Welding of Steels for Turbine 
Rotors. S.-E. Erikson. (EKSAB Rev., 1956, (3), French Edn., 
8-16; (4), 7-14). Hydraulic turbine rotors were studied, and 
microstructures and the results of Jominy tests for 7 steels 
are shown. A weldability test is described and results are 
given. A method for investigating conditions for heat treat- 
ment is described consisting of application of a thin metallic 
coating to protect the base metal from the action of heat and 
examining the weld metallographically. Corrosion studies and 
choice of welding rods are included. 

How To Pick Electrodes for Production Welding. J. E. 
Hinkle. (Iron Age, 1956, 178, Sept. 6, 104-106). Recom- 
mendations are made on the choice of electrode for mild steel 
welding according to the application.—p. L. c. P. 

16-8 2 Cr-Ni-Mo for Welding Electrode. 0. R. Carpenter 
and R. D. Wylie. (Metal Progress, 1956, 70, Nov., 65-73). 
Difficulties which have been found with welded stainless 
equipment due to cracking at high temperature have led to 
the development of this new electrode which is superior in 
all respects except resistance to intergranular corrosion to the 
normal type 347 electrode.—-B. G. B. 

Chemical Factors Affecting the Weldability of Low-Carbon, 
Constructional Steels. J. M. Sistiaga Aguirre. (Cien. Tecn. 


Solda., 1956, 6, July-Aug.). [In Spanish]. The quality of 


low-carbon steel welds is considered under the general 
headings of cracking, porosity, and brittleness, and the 
influence of alloy elements and impurities upon susceptibility 
to these defects. Particular attention is paid to the presence 
of H, and Si; small differences in Si content are shown to be 
important, e.g. a very low silicon steel (0-02°,) had no 
tendency to crack whereas a higher silicon steel (0-08°,, Si) 
had. (14 references).—P. s. 

Isothermal Studies on the Weld-Metal Microcracking of Arc 
Welds in Mild Steel. A. E. Flanigan and Z. P. Saperstein. 
(Welding J., 1956, Nov., 541s-556s). An attempt was made 
to determine the temperature dependence of the time required 
for isothermal immunization against weld-metal micro- 
cracking using E 6010 electrodes and A 285-C steel. The 
experimental data were used to test the reasonableness of the 
hydrogen retained austenite hypothesis concerning the 
mechanism of weld metal microcracking.—v. E. 

Measurement and Calculation of Ferrite in Stainless-Steel 
Weld Metal. W. T. Delong, G. A. Ostrom, and E. R. Szuma- 
chowski. (Welding J., 1956, Nov., 521s—528s). The ferrite 
content of over 600 weld pads of a wide range of sizes, types, 
and coatings was studied. The Magne Gauge was found useful. 
Measured ferrite was compared with ferrite as calculated from 
the Schaeffler diagram. A new diagram was proposed using 
all the Schaeffler equivalents plus a nickel equivalent of 30 
for nitrogen.—v. E. 

The Weld Seam in the Transition Zone of Elastic—Plastic 
Deformation. W. Soete. (Schweissen u. Schneiden, 1956, 8, 
Nov., 430-435). The stress distribution in a welded sample 
of 40 kg/mm? tensile strength, the weld strength being about 
48 kg/mm?, was investigated. It was found that due to its 
shape, load, heterogeneity, and residual stresses, any addi- 
tional load will affect a plastic deformation which is considered 
to be necessary for a welded construction, so that the weld 
material and the base material will be in the same range of 
elastic-plastic deformation.—v. E. 

On the Gas-Weldability of Strip Steel. Experiments on the 
j-in. Conduit Pipe. Y. Shimokawa. (Tetsu to Hagane, 1956, 
42, Mar., 302-304). [In Japanese]. Work is reported on strip 
containing 0:04-0-11% C, 0-27-0-43°, Mn, and 0-008- 
0-043%, S.—k. E. J. 

New Experiences and Developments in the Metallurgy of 
Welded Iron Materials. K. L. Zeyen. (Schweisstechn.. 1956, 
10, Sept., 118-121). A detailed review is given of the applica- 
tion of metallurgy to the welding of iron and steel. Special 
reference is made to ageing and creep properties and temper 
brittleness. New developments in steel production and the 
physical properties of rolled, cast. and sintered iron and steel 
are discussed.—v. E. 

Wedge Test-Piece for the Classification of a Steel With 
Regard to Its Electric Arc Welding. F. A. Calvo Calvo. 
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(Cien. Tecn. Solda., 1956, 6. Mav-June, Special Number). 
[In Spanish, French, and English]. The author discusses the 
concept of weldability and concludes that there is no such 
general characteristic which can be assessed and that welding 
is a specific problem for each class of steel. A test is proposed 
wherein a bead is welded along a wedge of the steel in order to 
obtain a wide range of cooling rates in the heat-affected zone 
and an assessment of the critical thickness. This is done by 
a novel macrographic method which also reveals micro- 
structural effects; the results are amply illustrated (in the 
Spanish text only). Martensitic transformation was found 
to start inside pearlite grains and not at their boundaries: 
such martensite nuclei are proposed as a possible explanation 
for weld cracking in mild steels. (35 references).— Pp. s 

How to Control Weld Distortion Within Close Limits. |. 
Mikulak. (Jron Age, 1956, 178, Aug. 30, 88-90). The causes 
of distortion due to welding are considered, and recoin- 
mendations made for controlling it.—-D. L. c. P. 

Some Nondestructive Testing Methods for Testing Welds. 
W. J. MeGonnagle. (Welding J., 1956, Nov., 1110-1119). 
The sensitivity, advantages, disadvantages, and limitations 
of various methods and techniques of non-destructive testing 
are discussed.—v. E. 

Influence of Initial Stresses and Material Condition on 
Operation Safety. A. Erker. (Schweissen u. Schneiden, 1956, 
8, Nov., 436-442). The origin and distribution of stresses 
and methods of measurement in welded structures are 
discussed. It is shown that superimposed loads will effect a 
decrease in initial stresses connected with a slight plastic 
deformation. Attention is drawn to the danger of brittle 
fracture due to a multiple effect of material, multiaxial 
loading conditions and lower temperatures.—v. E. 

The Relative Values of Various Gases for Scarfing. W. M 
Bloom. (Lron Steel Eng., 1956, 38, Dec., 141-147). Natura! 
gas is compared with acetylene allowing for the cost of Oy. 
Evidence for the superiority of acetylene is advanced. 

Metal Bonding with Synthetic Resins. I. Properties and 
Uses of Adhesives. K. Krekeler. (Forsch. Wirts. Nordrhein- 
Westfalen, No. 245, 1956, pp. 38). Methods of bonding, 
mechanical tests and theories of adhesion are discussed, 
and the varieties of synthetic adhesives are reviewed. Recom 
mendations are added. (13 references). 

New Flame-Cutting Machines in Shipbuilding. RK. Bechtl 
(Welding Metal Fab., 1957, 25, Apr., 125-130). 

Sawing Radioactive Metals by the Arc-Process. F. Bevil 
acqua. (Metalworking Prod., 1956, 11-13). Radioactive and 
radioaetivated metals, including steels, can be cut by a slowly 
rotating dise in the apparatus described. 


MACHINING AND MACHINABILITY 


Machining at High and Low Speeds. H. J. Siekmann 
(Machinery, 1956, 89, Dec. 14, 1370-1374). The use of carbide 
tools for machining steel is discussed. A formula for economical 
tool life is given. 

Bar Turning With Carbides at Ceramic Speeds. (-Vetalworking 
Prod., 1957, 101, Mar. 22, 512-514). Bar turning with a 
cutting edge inclined at 50° to the axis of the bar shows 
remarkable production potential. The high cutting speeds 
possible bring carbide into the field of high-speed finishing 
where ceramics have shown promise. Simplicity of clamped 
carbide tip gives rapid and economical tool service.—M. A. K 

High-Rake Milling Needs Know-How. = (Wetalworking 
Prod., 1956, 100, May 4, 463-469). Factors leading to the 
successful adaption by Massen Seeley and Co. Ltd. of high- 
rate milling cutters for regular production runs is discussed. 
Choice of cutter design, speeds and feeds must be established 
to give optimum results. Fixture design and clamping method 
to avoid vibration coupled with the power requirement must 
all be considered. M. A. K. 

Multi-spindle Bar Automatics can be Tooled with Carbides. 
(Machine Shop Mag., 1956, 17, Sept., 537-549). Machining 
of mild steels is described. 

New Wimet Steel- — Neir Introduced. (.VWetal- 
working Prod., 1957, 101, . Jan. , 115-117). Two new grades 
of Wimet have been losamuaed by Wickman Ltd., as the 
first step in a programme of changes in their Wimet steel 
cutting grades during 1957. Three more new grades are 
planned for introduction in May. Properties are indicated. 

Mechanical Working of Stainless Steels. A. Donati. (Pirista 
Mecc., 1955, 6, Sept. 3, 49-52). [In Italian]. Brief reference is 
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made to the machining of stainless steels, their cutting 
properties, microstructures and the best tools to use for 
cutting. Working techniques are discussed.—m. D. J. B. 
Machining Steel. Development of New Grades of Tungsten 
Carbide for Machining Steels under Present-Day Conditions of 


Operation. (Aircraft Prod., 1957, 19, Feb., 78-81). New 
grades introduced by Wickman Ltd. are described with 
pictures of tool wear and the results of trials. 

How to Machine Superalloys. R. D. Halverstadt. (Metal- 


working Prod., 1956, 100, Aug. 24, 1341-1344). A general 
account is given of machinability data, tool geometry, and 
cutting fluid requirements. 

Deep Boring. Machining High-Tensile Steels on Standard 
Machines. W. R. Petts. (Aircraft. Prod., 1957, 19, Feb., 
44-49). Boring of 8.99 steel is described. 

Metallurgy of Cutting Tools. K. G. Lewis. (Iron Coal 
Trades Rev., 1957, 174. Feb. 8, 329-333; Feb. 15, 399-404; 
Feb. 22, 453-457; Mar. 1, 503-509; Mar. 8, 569-571; Mar. 15, 
623-626; Mar. 22, 689-692; Apr. 5, 801-803). Basic principles 
are discussed; shear angle, cutting force, relief angle, vibration, 
abrasion, heat developed and surface temperatures being 
considered in the first article of the series. Materials and their 
hot hardness are then reviewed, including plain, low-alloy and 
high-speed steels, carbide and cermets and properties are 
considered, toughness and wear-resistance, and _ theories 
of crater wear, and the increased life achieved by inclusion 
of hard carbides. Flank wear is then described and the 
measurement of tool life and types of failure. Use of ceramics 
is reviewed and the preparation and machining of steel cutting 
tools, carbon steels, medium alloy and high-speed steels are 
reviewed, with classifications, compositions, heat-treatments 
and properties. Finally cemented carbide tools and their uses 
are reviewed. 

The Rectification of Long Small-diameter Bore holes in 
Certain Steels. A. Perrone. (Ing. Mecc. 1957, 6, Jan., 49-58). 
[In Italian]. Boring techniques are discussed and a detailed 
analytical study is made of the subject. The precautions 
which must be taken during machining and heat treatment are 
examined.—xm. D. J. B. 

The Influence of Lead on Metal-Cutting Forces and Tempera- 
tures. M. C. Shaw, P. A. Smith, N. H. Cook and E. G. Loewen. 
(Trans. Amer. Soc. Mech. Eng., preprint, 56-SA-36, 1956, pp. 
15). The effects of lead and sulphur were examined by 
high-speed photography. Effects on cutting fluids were 
examined. Tool life cannot be predicted from the parameters 
measured. 

Study on Leaded Free-cutting Steel. II. Machinability and 
Drillability Test. K. Suzuki, et al. (Tetsu to Hagane, 1956, 
42, Sept., 835-837). [In Japanese]. For specimens of diameter 
49 mm, with | mm depth of cut at 0-23 mm/rev. feed, 
cutting force falls with carbon steel from 80 to 60 kg as 
cutting speed increases from 20 to 140 m/min; with leaded 
steel it is almost stationary at 55 kg. Cutting temperatures 
rise, those for leaded steel being some 15% lower. In drilling 
results, with a drill of diameter 10 mm, speed 680 rev./min, 
and feed 0-08 mm, the greatest difference in thrust is when 
that for leaded steel is 180 kg and for carbon steel 420 kg, at 
30 mm depth. Micro-structures of drilling surfaces and cross- 
sections are shown.—k. E. J. 

Leaded Steel and the Real Area of Contact in Metal Cutting. 
M. C. Shaw, P. A. Smith, N. H. Cook and E. G. Loewen. 
(Trans. Amer. Soc. Mech. Eng. preprint, 56-SA-37, 1956, pp. 
16). The action of lead is discussed and the lubricating 


layer of lead is found to be extremely thin. The real area of 


contact is estimated at 1-2% of the apparent area. Leadless 
steel and pure lead are compared with leaded steel and the 
effect on cutting fluids is examined. 

Study of the Influence of the Addition of Sulphur on the 
Machinability of a Medium-Carbon Steel. P. Bastien and M. 
Weisz. (Microtecnic, 1956, 10, (6), 273-281; 1957, 11, (1), 
27-32). Machinability is considered from the points of view 
of the life of the tool, surface finish obtained, power needed and 
chip morphology and ease of removal and the present study is 
based on power requirements. Methods of testing are described 
and calculation of coefficient of friction, shearing stress, 
shearing work, friction work and shearing strain, also interface 
temperature was measured as was tool temperature. Cutting 
conditions were studied over a wide range. Two steels were 
investigated and the results of the tests are given in detail and 
an hypothesis for the effect of sulphur is advanced. The 
formation and stability of the built-up edge are considered and 
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the major effect of sulphur addition is considered to be their 
improvement. Crater formation, referred to as ‘ primary 
wear ”’ is examined and the change of shape of the chip and 
fall in tool temperature mark the end of this stage. 

Force Relationships in the Machining of Low-Carbon Steels 
of Different Sulphur Contents. F. W. Boulger, H. E. Hartner, 
W. T. Lankford and T. M. Garvey. (Trans. Amer. Soc. Mech. 
Eng. reprint, 56-SA-21, 1956, pp. 10). O.H. steels 0-025 
0-250% C were used and the method of measurement is 
described using a constant-pressure lathe and a wire-resistance 
strain-gauge. Addition of sulphur reduced the forces acting 
on the tool. 

Comparative Machinability of B1113-C1213-C1120 H.R. 
C1120 C.D. and C1119 Steels. H. L. Bryden. (7'rans. Amer. Soc. 
Mech. Eng. preprint, 56-SA-—26, 1956, pp. 8). Lathe turning 
tests were performed. C1119 indicated a tool life 6 » the 
best of B1113 and C1213 and 9 the average of 7 varieties of 
these steels. 

Statistical Methods Aid Machinability Testing. RK. D. Halver- 
stadt. (Metalworking Prod., 1956, 100, Oct. 19, 1679-1683). 

Radioactive Wear Measurements, An Approach to Rapid 
Routine Testing of Tool Performance. ©. Hake. (Jndustrie 
Anzeiger, 1955, 77, (45), 627-630). Pile-activated tools were 
used and the y-rays detected in wear products with a G.-M. 
counter. The test takes 10 min and curves are given showing 
the progress of wear over very short periods. 

Rapid Measurement of Cutting Tool Wear. G. Robert. 
(V.d.JI.Z., 1956, 98, Dec. 1, 1874). The measurement of wear 
of cutting tools may be made easily and quickly by subjecting 
the tools to neutron bombardment in an atomic reactor. 
Subsequent wear may be quickly determined by measurement 
of the radioactivity of the turnings and cutting oil.—J. R. P. 

What is Ultrasonic Machining? E. A. Neppiras. (Metal- 
working Prod. 1956, 100, Aug 17, 1283-1283). This is the first 
of a series of seven articles extracted from reports on research 
carried out at the Mullard Research Laboratories since 1948. 
Aspects of ultrasonic drilling, including design detail and 
experimental results are covered. The series is intended to 
give a fairly complete picture of present-day knowledge of 
this technique.—x. A. K. 

Platen Grinding with Abrasive Belts. J. A. Simmons. 
(Metalworking Prod., 1956, 100, Sept. 21, 1514-1516). 

On the Continuous Liquid Honing Treatment of Hot- and 
Cold-Rolled Strips. T. Tsuji, et al. (Tetsu to Hagane, 1956, 
42, Sept., 869-871). [In Japanese]. The effects on hardness 
and tensile properties of 18—8 and other steels of liquid honing 
using four sizes of abrasive are followed for up to 300 sec. The 
layout of a liquid honing shop is described.—-k. E. J. 

On Grinding Burn and Grinding Cracks in Steel. K. Ogawa 
and K. Ono. (Nippon Kinzoku Gakkai-Si, 1954, 18, Jan., 
33-37). The limit depth of cut of quenched steels is smaller 
than of annealed steels. Thermal diffusion is smaller the more 
burn or cracking is produced. Tempering temperature after 
quenching is higher the less burn or cracking occurs. In low 
temper treatment crack precedes burn but after high temper 
treatment burn precedes crack. 

Scrap Metal and Swarf Handling. (Machine Shop Mag., 1956, 
17, Nov., 569-668; Dec., 725-737). Notes on bins, trucks, 
suction methods, magnetic extractors and filtration are given. 
In the second part, coolant separation, drying, crushing, pack- 
ing and baling are reviewed. 

CLEANING AND PICKLING 

Degreasing. (Metal Ind., 1957, 90, Mar. 8, 189-191; Mar. 
15, 212-214; Mar. 22, 229-231; Apr. 5, 272-274). A report of a 
symposium held by the Inst. of Metals in which all the usual 
methods and solvents are described, followed by discussion. 

Solvent Degreasing——What Every User Should Know. ©. FE. 
Kireher. (Amer. Soc. Test. Mat., 1957, (219), Jan., 44-49). A 
review of trichloroethylene, degreasing plant using it, and 
suggested laboratory tests. Stabilization and breakdown are 
considered. (28 references). 

Electrolytic Descaling. D. S. Tulloch and ©. L. Wilson. 
(Engineering, 1957, 188, Apr. 5, 425). An extension of cathodic 
protection is described in which intense hydrogen evolution is 
allowed to occur with removal of scale. The treatment of a 
200 gal. road tanker is described. 

Ultrasonics—-The Cleaning Process. A. Murdoch, jun. 
(Metalworking Prod., 1956, 100, Oct. 12, 1635-1641). A 
review of equipment, processes and possibilities. 


The Technical Applications of Electrolytic Polishing. hk. 
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Mondon. (Metalluberfldche, 1956, 10, Oct., 305-309; Dec., 
376-380). A number of illustrative examples of the present- 
day application of electrolytic polishing are given, and possible 
lines of future development are indicated. (17 references) 
Chemical Polishing of V2A Steel with Gases. G. Schmid, EF. 
Maurer and H. Steinhausen. (Metalloberfldche, 1956, 10, Oct., 
289-295). It was found that good results could be obtained 
by the chemical polishing of V2A steel (which is passive to 


phosphoric acid~-HNO, mixtures) by gaseous mixtures of 


NO,, HCl and water vapour. The process is outlined; the 
composition of the most suitable gas mixtures was found, and 
represented in a ternary diagram. The best temperature was 
50°C; the most suitable mixture was NO, : HCl: H,O 
30: 60:10 mol. %. Water vapour was introduced by N or 
air as carrier. At 50° C the process was completed in about 
30 minutes.—L. D. H. 

Surface Finishing. Design Developments in Automatic 
Machines for Surface-Finishing Long Slender Aircraft Com- 
ponents. (Aircraft Prod., 1957, 19, Jan., 2-7). A development 


of barrelling, in which the parts are abraded with a mass of 


chips in a ram-operated machine, is described. 
New Pickling Plant for Steel Plate and Sectional Materials. 


(Mech. Handling, 1957, 44, Feb., 85). The new shop of 


Robert Dempster and Sons is described. 

Modern Pickling and Dipping Plants. I. Keetman. (Z. 
Metallkunde, 1956, 47, Nov., 728-733). The problems associ- 
ated with pickling, particularly in modern high-production 
plants are discussed, with reference to a number of examples. 

Pickling of Stainless Steels. G. Rossi Landi. (Rivista Mece., 
1955, 6, Feb. 12, 29-31). [In Italian]. The difficulties of 
pickling stainless steels are briefly reviewed and formule 
for pickle liquors are given. Suitable solutions are suggested 
for austenitic, martensitic, and ferritic steels.—M. D. J. B. 

A Study of Pickling Inhibitors, I. The Effects of Acid Pickling 
Inhibitors on the Electrode Potentials of Mild Steel. A. Adachi. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Jan .,9-11). Xvlidine 
and proprietary inhibitors were examined by e.m.f. measure- 
ments in N H,SO,. Adsorption and the stability of layers in 
acid and salt solutions and removal by alkali were studied. 

PROTECTIVE COATINGS 

Automatization in Electroplating Technique. A. Hoch. 
(Metalloberfldche, 1956, 10, May, 129-135). The advantages of 
automatization, even in small and medium-size plant, is 
pointed out, and examples from British and American 
practice are discussed.—-L. D. H. 

Fully-Automatic Electroplating Plants and Their Transport 
Systems. K. Gebauer. (Metalloberflache, 1956, 10, May, 
145-147; June, 177-180). The design and layout of fully- 
automatic electroplating plant is described and discussed, 
using three basic types as examples, with particular reference 
to their transport systems.—L. D. H. 

Depolarisation Phenomena at Bimetallic Electrodes. W. 
Machu and M. G. Fouad. (Werkstoffe Korrosion, 1956, 7, Oct., 
560-566; Dec., 723-731. Mechanism is discussed and extended 
to the study of chemical processes. 

Hydrogen Embrittlement of Steel during Electrodeposition. 
U. Trigardh. (Tek. Tidskr., 1956, 86, Dec. 4, 1051-1057). [In 
Swedish]. Details are given of an investigation of cathodic 
degreasing, pickling and electrolytic deposition of Zn, Cd, Cu, 
Sn and Ag, with special reference to surface preparation and 
the influence of impurities originating either from the chemicals 
or the actual metal, on the amount of hydrogen absorbed by 
the steel. Embrittlement was established by means of an 
Amsler bend tester and the Zapffe constant-rate, single-bend 
test. Three different spring steels were examined. Results 
of bending tests after all the electrolytic treatments are 
presented.—G. G. K. 

How Standards are Prepared for Stream Pollutant Spectro- 
determination. J. 8S. Wolfe. (Gen. Motors Eng. J., 1957, 4, 
Jan.-Feb.-Mar., 10-13). A procedure for the preparation of 
standard materials which are the equivalent of the constituents 
in polluted waters is described. This enables routine spectro- 
analysis to be carried out even though the concentration of the 
constituents is in the micro range. As an application of this 
procedure a study of stream polution carried out in the Miami 
River valley is described in detail.—r. A. ¢. 

Thermal Deposition of Chromium on Iron and Steel. V. 
Montoro and E. Lossa. (Rivista Mecc., 1955, 6, July 30, 7-11). 
[In Italian]. The authors describe a series of tests carried out 
on chromium plated steels to determine their resistance to 
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corrosion and the structural characteristics of the steels to 
ensure satisfactory deposition of the plating._M. D. J. B. 


The Repair of Car Parts by Chromium Plating. A. W. 


ry kowa. (Corrosion Techn... 1957. 4, Apr., 113—116). \ 
transiation from a Russian book ** Corrosion and Wear of 
Steel.” The process and hardness. bending, tensile and 


and abrasion tests are outlined. 

Electrodeposition from Sulphamate Solutions: Part I 
Nickel. S. Sathyanarayana and T. L. Rama Char. (J. Se/. 
Indust. Res., 1957, 16A, Feb., 78-85). Preparation and stability 
of Ni sulphamate solutions, deposition, current efficiency, and 
properties of deposits are reported. (30 references). Part II 
Zine. (86-90), Solutions, nature of deposit (dull grevish-white 
adherent), current efficiency (~ 100°), testing of deposits, 
optimum conditions and brightening are rey orted. (1S 
references). 

The Production of Bonderized Electro-zinc Coated Steel 
Sheet. (Sheet Metal Ind., 1957, 84, Mar., 165-172). A descrip 
tion of the new plant of Margam Electro Finishes Ltd. 

Cold Galvanizing with Powdered Zinc Pastes. K. Zimmer 
mann. (V.d.1.Z., 1956, 98, Oct. 21, 1727-1728). The zine 
is applied in the form of zine powder of 2-5u. particle diametet 
mixed with rust preventative agents used in paints and 
suspended in a solvent by an emulsifying agent. The full 
protective qualities are only obtained if the layer of dry paste 
on the metal to be protected contains at least 94° zine. The 
intermetallic contact with the surface produces a state of 
cathodic protection.-—J. R. P. 

The Effects of Some Factors, Particularly in Basic Bessemer 
Steel, on Tin-Plate Quality. J. Teindl. (Problems and Perspec 
tives in Czechoslovak Metallurgy and Foundry, 1956, 263-270 
Corrosion of tin cans is dependent upon the type of steel 
used. Small additions of Si are recommended to improve 
surface quality and economise on tin. Basic Bessemer steel 
was found to be suitable for ordinary cans. 

Manufacture and Properties of Tinplate. II. T. Ando 
(Tetsu to Hagane, 1956, 42, Nov., 1067-1075). [In Japanese 
This review article deals with uses of hot-dipped and electro- 
deposited tinplate, the alloy structures found, determination of 
free and alloyed tin, the oxidation of the surface at various 
temperatures, corrosion and corrosion resistance, effects of 
weight of the steel base and tin coating on pack life, solder- 
ability and abrasion. (24 references).——k. F. J. 

Electrolytic Tinning at the Volta Redonda Plant | Brazil). 
P. Silva. (Bol. Assoc. Brasil Met., 1956, 12, Oct., 331-354). 
[In Portuguese]. A detailed, illustrated account is given of the 
continuous tinning line at Volta Redonda.——P. s. 

Establishing an Industry Standard for the Variation in Coat- 
ing Weights on Electroytic Tin Plate. D. H. W. Allan. (Amer. 
Tron Steel Inst. Req. Tech. Meetings, 1956, LOL-110). 

The Chemical Reactivity of Tin and Its Effect on Tinplate 
Containers for Foodstuffs. K. Heintze and Fr. Braun. (Werk 
stoffe Korrosion, 1956, 7, Dee., 716-723). A general review, 
based mainly on existing data, of the effects of foodstuffs on 
tin cans. Corrosion by acid or alkaline foodstuffs is discussed 
and reference is made to pitting, hydrogen evolution and the 
reversal of polarity of the iron/tin couple. The effects of sheet 
quality, method of tinning and lacquering are also considered. 

Stainless Plated Plates. (Aciers Fins Spec. Frang., 1956, 
Dec., 73-75). The advantages of stainless steel clad plates 
are discussed and details are given of several commonly used 
grades of steel. The methods of cladding ordinary steel plates 
on one or both sides with a layer of stainless steel are described 
and reference is made to methods of welding and also to the 
most economical thickness of cladding.——k. a. c. 


POWDER METALLURGY 


Outlooks in Powder Metallurgy. J. Brzak. (Problems and 
Perspectives of Czechoslovak Metallurgy and Foundry. 1956 
298-304). A review of the techniques and a comparison with 
casting methods is presented. 

Now High Strength Parts are Produced from Powder Metals. 
(Metalworking Prod., 1956, 100, June 1, 647-650). Com- 
ponents are now being made, on a production basis, using 
pre-alloyed steel powders which can be through-hardened 
even in thick sections. The economies of powder metal 
production are now combined with strength, hardness and 
wear resistance approaching that of bar stock.—m. A. kK. 

Carbonitride to Step Up Powder Iron Properties. L. Troberg. 
(Iron Age, 1957, 179, Jan. 10, 66-68). Relations of composition 
and hardness to depth in sintered iron powder parts are shown. 
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Iron Powder Cores. (Powder Met. Progress, 1957, 2, Feb., 4). 
A note on cores for high-frequency electrical equipment. 

On Reaction in the Solid State. G. I. Finch and K. P. Sinha. 
(Proc. Roy. Soc., 1957, 289, Feb. 26, 145-153). An expression 
is derived for the minimum temperature at which a solid- 
state reaction, such as sintering, can take place. Reaction 
between different solids is re-examined and a rate law deduced. 


FERRITES, CERMETS, AND CARBIDES 


Studies on Ferrite, VII, Effect of Baking Temperature on 
Microscopic Structure. M. Sugimoto, F. Arai and T. Takei. 
VIII. Effect of As,O, on the Properties of Nickel-zinc Ferrite. 
M. Sugimoto, 8. Okamoto and T. Takei. IX. Nickel-zine 
Ferrite Having Low Temperature Coefficient of Permeability. 
S. Kobayashi, 8S. Okamoto, M. Sugimoto and T. Takei. (Rep. 
Sci. Res. Inst., 1956, 32, Abstracts 26, 4-5). X. Microstructure 
of O-P Magnets Containing 2Fe0,TiO.; 2FeO,ZrO.; As.O, 
and Bi,O,. T. Takei, M. Sugimoto and T. Hishinuma (9). 


Effect of Minor Additions on the Resistivity of Ferrites. J. P. 


Suchet. (J. Chem. Phys., 1956, 25, Aug., 368). A case of 


preferential oxidation in a Mn-Zn ferrite is reported in 
presence of Cu. 

Oxidation of Manganese Ferrite. R. S. Weisz. (J. Amer. 
Ceram. Soc., 1957, 40, Apr. 1, 139-142). Oxidation in air at 
750-1150° C is investigated. Oxidation is prevented by a 
ceramic glaze and the ferrite could be prepared by this means. 

Neutron Diffraction Study of Manganese Ferrite. J. M- 
Hastings and L. M. Corliss. (Phys. Rev., 1956, 104, Oct. 15+ 
328-331). 

Effects of Size on the Microwave Properties of Ferrite 
Rods, Disks and Spheres. J. O. Artman. (J. Appl. Phys., 
1957, 28, Jan., 92-98). 

Crystal Structure of Gadolinium Orthoferrite GdFeO,. 8. 
Geller. (J. Chem. Phys., 1956, 25, June, 1236-1239). 

Magnetic Properties of a Gadolinium Orthoferrite, GdFeO,, 
Crystal. M. A. Gilleo. (J. Chem. Phys., 1956, 25, June, 
1239-1243). 

Titanium Carbide Base Cermets. T. S. Shevlin and C. C. 
McBride. (PB 118684, 1950, pp. 27; TZ DU List 704). Iron, 
chromium, ferrosilicon, Duriron and NiAl bonded TiC 
cermets are described, with the results of high-temperature 
tests. 

PROPERTIES AND TESTS 

The Mechanical Testing of Cast Iron. J. Léonard. (Prob- 
lems and Perspectives of Czechoslovak Metallurgy and Foundry, 
1956, 329-348). [In French]. A review is given of International 
co-operation and some supplements are given. 

Cast Iron Tests and Specifications. (Brit. Found., 1957, 
50, Mar., 131-142). Work prior to, and considered in the 
revision of B.S. 1452, 1948 on transverse and tensile testing 
is reported. (8 references). 

The Properties of Steel. (ol. Min. Indust., 1956, 35, March, 
133-142). The properties of steel are divided into four classes, 
physical, chemical, physico-chemical, and electrical. The 
most important physical property is tensile strength. Tests of 
the elastic properties of steels are described and a classification 
given for the commonly used specimen sizes in various 
countries for tensile tests.—J. R. P. 

How Simpler Steel Specifications Lower Costs. (Jron Age, 
1956, 178, Dec. 13, 132-134). Substitute materials and 
specifications for grades drawn up for the special requirements 
and not by material or processing technique may produce 
savings in costs. Ford Motor Co. experience is quoted. 

Expanded Application of Quenched and Tempered Steels. 
J. M. Hodge and W. T. Lankford. (Amer. Iron Steel Inst. 
Reg. Tech. Meetings, 1956, 49-93). Newer developments in 
steels with their physical properties, weldabilities, fatigue 
resistances, specially T—1 steel, and tests on pressure vessels 
are reported. Also its use in compression members. (9 refer- 
ences). 

Keeping Pace With the Steel Industry: A Report on Activities 
of the {American Iron and Steel] Institute. M. D. Howell. 
(Amer. Tron Steel Inst. Reg. Tech. Meetings, 1956, 1-6). 

Report on NRL Progress. U.S. Naval Res. Laboratory. 
(PB 111894; TIDU List 681, 1956, pp. 56). Three short 
papers are reported, on flames, on hot-cracking of welded 
stainless steel and on a low-temperature lubricant, with brief 
notes on other metallurgical and other topics. 
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The Preparation and Properties of High-Purity Iron. B. E. 
Hopkins. (Met. Rev., 1956, 1, (1), 117-155). A review of the 
chemical, electrochemical and metallurgical methods for the 
production of iron of high purity with a compilation of physi- 
cal and mechanical properties of single crystals and of poly- 
crystalline specimens. (66 references). 

On the Extreme Purification of Iron by Zone Melting. |). 
Talbot, P. Albert and G. Chaudron. (Compt. Rend., 1957, 
244, Mar. 18, 1577-1579). Electrolytic iron was purified by 
zone melting using ®°Co as tracer and then activated in a pile 
for determination of various elements in the head and tail of 
the bar. Polygonization is very easy in the highly purified 
iron. 

On a New Sharpness Tester for Razor Blades. K. lw * and 
T. Kawakita. (Nippon Kinzoku Gakkai-Si, 1954, 18, Jan. 
25 -29). 

Automation in the Technique of Length Measurement. M. 
Dithmke. (V.d.J.Z., 1956, 98, Sept. 1, 1523-1530). Briet 
descriptions are given of a number of commercial machines 
designed for the automatic measurement, weighing, or sizing 
of crankshafts, cylinder bores, ball and roller bearings, screw 
threads, bolts, valves ete.—J. R. P. 

A Contribution to the Study of Thickness of Thin Metal 
Layers. A Vasiéek. (Problems and Perspectives of Czechoslovak 
Metallurgy and Foundry, 1956, 188-196). An interferometric 
method is described. 

Measurement of the Thickness of Thin Coatings by X-Ray 
Fluorescence. ©. Legrand. (J. Chim. Phys., 1956, 58, July- 
Aug., 587-592). Examples are given of the use of the technique 
and the measurement of the thickness of tin coatings on iron. 

Multiple Crucible Arc Melting Furnace. 8. T. Zegler and J. 
Terandy. (Metal Progress, 1956, 70, Dec., 116-118). A 
laboratory are furnace for melting buttons of refractory alloys 
is described. Seven different alloys can be melted without 
dismounting the equipment.—B. G. B. 

(Heat Sources for Extremely High-temperature Furnaces). 
Office of om Research into Temperature Project. J. B. 
Conway and A. V. Grosse. (PB 121024; TI DU List 684, 1954, 
pp. 60). The le -zirconium and cyanogen-—oxygen torches are 
described. 

Considerations on the Modulus of Elasticity of Cast Irons and 
Their General Elastic Behaviour. P. Le Rolland and E. Plénard. 
(Fonderie, 1956, Nov., 427-438). The elastic properties of 
solids are discussed and a detailed analysis is given of the 
behaviour of cast irons in the elastic range.—B. C. W. 

The Measurement of the Elastic Modulus of Cast Irons by 
Different Methods and Comparison of the Results. P. Le 
Rolland and E. Plénard. (Fonderie, 1956, Dec., 477-495). The 
different methods used by the authors to measure the elastic 
modulus of cast irons are described in detail. The methods are 
of three types (a) static tension or bending, (b) pendulum, 
using forced low frequency oscillations, and (c) dynamic, using 
high frequency vibrations. The results obtained with the 
various methods are compared and discussed at length. It is 
shown that the difference between the static and dynamic 
measurements increases with increasing graphite flake size 
and for a coarse flake iron the dynamic measurement may be 
up to 12% higher than the static measurement. There is little 
difference between results obtained in tension or bending and 
those obtained from the pendulum method. This latter 
method is regarded as a “ static’? method. The theories 
advanced to explain the differences between static and dyna- 
mic results are discussed but none of them are considered to 
offer a satisfactory explanation.—s. Cc. Ww. 

Continuous Distribution of Dislocations. B. A. Bilby and 
E. Smith. (Proc. Roy. Soc., 1956, 286A, Sept. 11, 481-505). 
The theory of the continuously dislocated crystal is extended. 

Bonding in Metals. R. Kiessling. (Met. Rev., 1957, 2, (2), 
77-107). A review of valency theory. (64 references). 

Conditions for the Appearance of a Discontinuity in the 
Elastic Limit Observed in the Tensile Curves of Pure Iron. 3. 
Migaud and J. Talbot. (Compt. Rend., 1957, 244, Mar. 25, 
1771-1774). The discontinuity at the transition from elastic 
to plastic extension does not occur after cold-work. It is 
shown that it reappears in pure electrolytic iron in presence of 
a trace of carbon and only when this precipitates from solid 
solution. Carbon can be as low as 0- 001%. 

The Influence of the Characteristics of Testing Machines on 
the Course of StressElongation Curves Upon Exceeding the 
Yield Point Once Only or Several Times. A. Kochendorfer and 
W. Wink. (Arch. Kisenhiittenwesen, 1957, 28, Feb., 67-79). 
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A mathematical examination was made of the effects of the 
spring coefficient, f, and the mass, m, of the stress recording 
mechanism of a testing machine both on the stress recorded 
and the actual stress in the sample upon exceeding the vield 
point once, or repeatedly. The results are compared with 
experimental results.—t. J. L. 

The Etfect of Sub-zero Treatment on the Case Hardness and 
the Strength of Some Carburised Steels. M. Yamaki. (Tetsu 
to Hagane, 1956, 42, July, 545-551). [In Japanese]. Investiga- 
tions were made on Ni-Cr, Ni-Cr—Mo, and Cr—Mo steels. The 
carburized cases of the last two were not so high as expected, 
but the hardness was improved by sub-zero treatment. Such 
treatment reduced tensile strength, because of increase of 
internal stress, but it was recovered after tempering. Com- 
pressive strength increased after sub-zero treatment, except 
with Cr—Mo steels.—k. E. J. 

Studies on Mechanical Properties of Low Alloy Steel Castings. 
I. S. Miyazaki. (Tetsu to Hagane, 1956, 42, July, 562-56). 
{In Japanese]. Castings of steel containing 0-°35°, C, 1-7 
Mn, and 0-3°, Mo had Shore hardness numbers of 33-38 
when normalized and tempered. The elongation of Cr-Mo 
steels and the elongation and impact value of Mn—Mo steels 
were improved by homogenization, but other properties were 
not affected.—k. E. J. 

The Static Strength of Rivets Subjected to Combined Tension 
and Shear. W. H. Munse and H. L. Cox. (Illinois Univ. Eng. 
Exper. Sta. Bull., 437, 1956, Dec., pp. 28). Rivets were driven 
(by hand or machine) into pairs of round blocks. A-141 rivet 
steels were used, rimmed, killed, and semi-killed, and proper- 
ties before driving are given. Shear and tension tests at a 
variety of ratios were carried out and the tests are tabulated 
and a curve obtained summarizing the observations and 
expressed as a simple equation in a form useful in design. 

Increase in the Strength of Round Wire When Subjected to 
Various Types of Work. I: Strength Changes in the Drawing, 
Rolling and Pressing of Round Wire. W. Dahl and W. Lueg. 
(Stahl u. Eisen, 1956, 76, Aug. 23, 1099-1106). Determinations 
of tensile strength after drawing, pressing, and rolling of 
round wire containing 0-03°, and 0-50°, C are described. 
Magnetization curves and microphotographs are given. The 
experimental results are discussed. 

Effect of Temperature on the Fracturing Behaviour of Mild 
Steel. J. D. Lubahn. (Welding J., 1956, Nov., 557s—568s). 
Crack initiation and propagation were studied in 4-in. SAE 
1020 steel plates. It was found that “ transition temperature ’ 
in a Charpy impact test was related to the temperature range 
where the metal was losing its ability gradually to tear, while 
‘transition temperature ”’ in an unnotched impact bend test 
is related to the temperature range where the metal is losing 
its ductility, this temperature being about 100° C lower.—v. E. 

Some Test Results of the Deep-drawability of Cold Reduced 
Mild Steel Sheets. T. Akamatsu. (Tetsu to Hagane, 1956, 42, 
Mar., 350-351). [In Japanese]. Results are given for the 
effects of length of annealing time (between 10 min. and 20 
hours) at 700° C on steel of given composition: the grain size 
and hardness fall progressively and the blank diameter for 
maximum deep drawing increases, while the Erichsen value 
and elongation fluctuate about approx. constant values. 

High Temperature Strain Gauge Research. F. (. Tatnall. 
(AECU-3003, 1955, pp. 120; TIDU List 645). 

Mechanical Properties of a. for Combined Stresses 
Based upon True — and Strain. J. Marin. (J. Franklin 
Inst., 1957, 268, Jan., 35-46). Mechanic al properties are 
defined for simple tension based upon true stress and true 
strain, and then extended to true toughness, yield strength, 
ultimate strength, ductility, and toughness for combined states 
of stress. 

Danger of Yield and of Fracture in Multi-axial Stressing. 
K. Matthaes. (Metall, 1956, 10, Sept., 795-800). A criterion 
of yield is put forward which differs from the shear strain 
energy hypothesis by not more than 3-4°. Whilst it is not 
possible to give a universally valid criterion of fracture, a 
formula is presented which includes a ‘ toughness’ factor 
characteristic of individual materials; this factor appears to 
be related to Poisson’s ratio.—J. G. Ww. 

Triaxial Tension Testing and the Brittle Fracture Strength of 
Metals. N. Bredzs and H. Schwartzbart. (Welding J., 1956, 
35. Dec., 610s—615s). A test has been developed for determining 
the brittle fracture strength of a metal under triaxial tension. 
The specimen consisting of a thin disk of soft metal bonded 
to two cylinders of hard metal. Under tension the soft disk 
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is prevented from flowing plastically when its yield point is 
reached thus setting up a state of triaxial tension, Brazing 
bars of mild steel and drill rod of silver and copper are used 
Data on the variations of tensile strength with joint thickness 
are presented. U. E. 

The Kinematic Picture of Fracture Phenomena. J. Leeu 
werck. (Metalen, 1956, 11, Oct. 15, 424-9, Oct. 31, 446-450 
{In Dutch]. This paper describes the results of a morphological 
investigation on the fracture surfaces of a number of different 
materials, notably plastics, cast iron, plate glass, and metals 
The effect of surface treatment for improving the behaviour 
of these various materials is also discussed. (20 references 

The Temperature-dependence of the Hydrogen Yield-point 
in Steel. H. C. Rogers. (Acta Met., 1957, 5, Feb., 112-113 
Armco iron and SAE-1020 steel specimens were prestrained 
at 78° (6°, and 8°, respectively) and kept in liquid nitrogen 
They were charged with hydrogen electrolytically for 4 hours 
below 30°, washed, and returned to liquid nitrogen. Load- 
elongation curves are shown. Variability is attributed to 
surface defects. 

Mi Plastic og of Shallow Notched Bars Due to Bending. Z 

P. Green. Mech. Phys. Solids, 1956, 4, Aug., 259-268) 
( ‘itical minimum depth of notch is calculated for pure bending 
and Izod test for which the deep notch solution is valid 

End-Correction in Bending Tests. P. Le Rolland, E. Plenard, 
and P. Pesenti. (Compt. Rend., 1956, 248, Nov. 26, 1721-1723 
A correction of the free length is calculated as photoelast ix 
studies show that the strain in a beam is appreciable in the 
fixed part during bending. 

Crack Susceptibility of Cross- en) Reinforcing Steels. \\ 


Liickerath. (Stahl u. Eisen, 1957, 77, Jan. 10, 11-15). Cross 
ribbed reinforcing steel showed brittle fracture in transverse 
bending in service. The author tested about 5000 samples 


varying from 8 to 26 mm in diameter in transverse bending 
Transverse bending was carried out immediately after bending 
or after 60 days ageing at room temperature, or after various 
heat-treatments. Metallographic examination showed that 
fracture occurred always at the root of the ribs independent 
of the type of steel used. When the ribs were machined off 
no fracture occurred in the smooth steel rods but the rods 
fractured as soon as they were again provided with ribs.—7. « 


Constant Strain Rate Bend Tests on Hydrogen- Embritted 
High Strength Steels. W. Beck, E. P. Klier, and G. Sachs 
(Trans. Amer. Inst. Min. Met. Eng., 1956, 206; J. Met., 1956. 
8, Oct., Section 2, 1263-1268). The authors have studied 
hydrogen embrittlement of high strength steel, using a bend 
test with nearly constant strain rate. In this test, the embrittle 
ment phenomenon is more complex than described from 
tension tests and recovery under load is different from the 
recovery behaviour of unstressed specimens.—G. F. 


Further Studies on the Effect of Microstructure on Notch 


Toughness and Fracture Morphology. J. ©. Danko, J. H 
Gross, and R. D. Stout. (Welding J., 1956, 35, Dee., 604s 
609s). The effect of some types of discontinuous phases in a 


nominally constant ferrite matrix on the notch toughness ot 
the aggregate was investigated. It was found that the notch 


toughness of the steel under consideration (C L030) is con 
trolled largely by the behaviour of the pro-eutectoid ferrite 
The presence of a very hard discontinuous phase such as 


martensite lowers the notch toughness by constraining the 
flow of the ferrite.—v. E. 

Studies on the Strength of Bearing Steel. II. K. Tasaka. 
(Tetsu to Hagane, 1956, 42, Mar., 254-256). [In Japanese 
Three steels (compositions given) were studied. In the bending 
test, after sub-zero treatment, increase of quenching tempera 
ture from 800° to 880° C produced increases in hardness and 
decreases in the bending load. The same increase in tempera 
ture produced increases inthe amount of retained austenite, and 
decreases in the carbide content and the austenitic grain size 

The Influence of Temperature and Rate of Strain on the 
Properties of Metals in Torsion. |. h. Work and T. J. Dolan. 
(PB 114152, 1953, pp. 109; TLDU List 507). Seven structural 
metals were studied. Equations expressing behaviour ar‘ 
given. 

Effect of Cracks on the Mechanical Properties of Metals in 
Different States of Stress. Ya. B. Fridman, T. K. Zilova, and 
N. L. Zhukova. (Doklady Akad. Nauk S.S.S.R., 1952, 84, (1), 
67-70). Specimens submitted to torsion were subseque yntly 
examined under tensile stress and the appearance and effects 
of cracks observed. 
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The Behaviour of Welded Pipes Submitted to Pressure Tests. 
E. Folkhard. (Rev. Soudure, 1956, 12, (1), 15-27). [In French]. 
This paper describes the testing of welded pressure pipes to 
determine their resistance to bursting. 
the testing techniques, of the types of steel and electrodes used, 
the effects of heat treatment, and the effects which small 


constructional defects may have on the ultimate resistance of 


the pipes. Statistical and technical data, as well as a number 
of photographs, are given.—m. D. J. B. 

An Experimental Study on the Fracture of Metals under 
Hydrostatic Pressure. L. W. Hu. (J. Mech. Phys. Solids, 
1956, 4, Feb., 96-103). Plastic behaviour under triaxial stress 
was studied in Alcoa 618-T6. Fracture strength was unaffected 
but ductility decreased with increase of pressure. 

Yielding in Compression of Strip between Smooth Dies. 
Bb. B. Muvdi and K. N. Tong. (J. Mech. Phys. Solids, 1956, 
4, Feb., 121-127). Measurements agreed well with plastic- 
rigid plasticity theory except for very thin plates where 
experimental error obscures the effect. 

The Testing of Unalloyed Steels in a State of Multi-axial 
Stress by Means of Internal Pressure Experiments. A. Krisch. 
(Arch. Eisenhiittenwesen, 1956, 27, Aug., 531-537). 
tests under increased internal pressure have been carried out 
on hollow samples of unalloyed, killed or rimming open-hearth, 
and basic Bessemer steels having 0:04 to 0-2°, C in the 
normalized and artificially aged states. Fractures are discussed 
as a function of stress conditions. Steels are assessed according 


Tensile 


to the experimental Ng which are compared with those of 


indentation tests.—L. 

The Examination of Unalloyed Steels in a State of Multi-axial 
Stress by Internal Pressure Tests. Part II. Strength and 
Deformation of the Samples. A. Krisch. (Arch. Hisenhiitten- 
wesen, 1956, 27, 767-775). A study of hollow samples of five 
unalloyed, killed and unkilled, basic Bessemer and O.H. steels 
of 0-04-0- 2°, C in a state of multi-axial stress, produced by 
a combination of longitudinal stress and hydraulic internal 
pressure, has shown that, both for normally annealed and 
artificially age-hardened steels, within the range studied, the 
multi-axial state of stress has no major effect on elastic limit 
or tensile strength.—t. J. L. 

Field and Laboratory Stress Analysis of Locomotive Com- 
ponents. L. Petersen. (Nondestructive Test., 1956, 14, Sept.- 
Oct., 46-50). Two types of testing used in stress analysis are 
discussed. The equipment used is described in detail and the 
connection between laboratory and field testing is illustrated 
by a sample problem.—A. H. M. 

Experience with and Suggestions on Impact Testing. W. 
Spath. (Radex Rundschau, 1956, 7, Oct., 327-333). A new 
impact machine measures impact energy and maximum load 
and tests on plastics are reported. Tests on sintered metals 
and hardened steels have been made. 

Room- and High-temperature Strength of Low Alloy Steels. 
T. Yamamoto. (Tetsu to Hagane, 1956, 42, Mar., 334-335). 
[In Japanese]. Impact transition curves (test temperatures 
between — 60° and 100° C) and creep curves (500° C; 14 kg 
mm?) are given for several] steels containing Cu, Ni, Cr, Mo, 
and/or V as alloying elements (full compositions given). 

Impact Strength and Appearance of Fracture on Charpy 
Test-pieces of Thick Annealed Unalloyed Fine-grain Steel Plate 
Containing about 0-:15°, Carbon. H. Kornfeld. (Stahl u. 
Eisen, 1956, 76, Sept. 6, 1173-1178). Charpy test pieces cut 
along the length of thick plates were investigated to determine 
the relationship between impact strength and the appearance 
of the fracture in the temperature range + 20 to — 60°C. 

Evaluation of Notch Impact Strength in Construction of 
Pressure Vessels. W. Mielentz. (Stahl u. Hisen, 1956, 76, 
July 26, 971-976). The impact bending angle is considered 
as a criterion of ductility. Tests were carried out on aged 
and normalized steels to determine the relationship between 
tensile strength, notch impact strength and impact bending 
angle. Conclusions are drawn with respect to safe minima 
of impact bending angle and notch impact strength for material 
used in pressure vessel construction. 

On the Grain Size and Impact Value of Carbon Steel. 3S. 
Komazuka. (T'etsu to Hagane, 1956, 42, Mar., 244-246). [In 
Japanese]. Results are given for austenitic grain sizes at 
925°, 1000°, 1100°, and 1200° C, and aluminium additions and 
soluble and total final aluminium contents, for 22 steels. 
Additional data given for some of the steels include Al,O, 
and SiO, contents, cleanliness values, ferritic grain sizes, and 


impact values.—K. E. J. 
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Deformation and Separation Fractures in Ferritic Spheroidal 
Graphite Cast Iron. H. Morrogh and G. N. J. Gilbert. 
(Giesseret, 1956, 43, July 19, 390-397). The heat treatment, 
fine texture, and mechanical properties of sphaerolithic cast 
iron are described. The effect of embrittlement by reducing 
the temperature below the transformation region is discussed 
together with the effect of rate of stressing. The transition 
from toughness to brittleness in notched and un-notched test 
specimens is described. Finally the fractures from notched 
and unnotched tensile and impact specimens are compared. 

The Melting of Maximum Purity Iron by the Carbon Reduc- 
tion Process and the Notch Impact Strength-Temperature 
Curves for Thin Iron. W. A. Fischer, H. Treppschuh, and 
K. H. Ké6themann. (Arch. Eisenhiittenwesen, 1956, 27, Sept., 
567-572). Melts of low carbon and oxygen contents were 
produced from soft iron and electrolytic iron. Carbon contents 
for soft iron were 0-007 to 0-010° , oxygen content averaged 
0-006%,. Melts from electrolytic iron had 0-002 to 0-004°,, 
and 0-001 to 0-002°%, O. High casting temperatures were 
found to be responsible for high transition temperatures in the 
temperature—-notch impact strength curves.—t. J. L. 

Work-Hardening of Austenitic Steels. S.C. Das Gupta. 
(Journal of Technology, (Calcutta), 1956, 1, June, 81-82). A 
letter, reporting the behaviour of a 15°, Cr—-0-7°, © steel 
which work-hardens to an unusual extent, like Hadfield 
Manganese steel. Finely divided precipitates resembling 
carbides are seen to appear but more work is in progress. 

The Formation and Reduction of Internal Stresses due to 
Plastic Deformation. H. Biihler. (Draht. English Ed., 1956, 
Dec., 28-33). A summary of internal stresses in metal work- 
pieces is given and the effects of uniform or non-uniform 
deformations over the cross-section on the type of stress 
produced is shown. Non-stressed and previously stressed 
workpieces are both considered. Examples are given. (23 
references). 

Behaviour of Over-strained Metals. Flow Pattern in Tor- 
sionally Cold-Worked Mild Steel. M. Watanabe, S. Goda, and 
J. Nishikawa. (Osaka Univ., Fac. Eng. Techn. Rep., 1955, 5, 
Oct., 441-451). Microscopical observations of flow pattern 
in tensile specimens are reported and the ultimate strength is 
evaluated in terms of flow, strain hardening, crack formation, 
slip bands, and the effects of grain boundaries and pearlite. 

Contribution to the Study of the Mechanism of Plastic 
Deformation During the Cutting of Metals and of the Resulting 
Deformed State. P. Bastien and M. Weisz. (Rev. Mét.. 1955, 
52, Nov., 837-863). Present information on this subject is 
critically reviewed. The oriental crystal structure of the alloy 
metal chips crystallizing in the body-centred cubic, compact 
hexagonal or face-centred cubic systems are studied and allow 
certain conclusions concerning the mechanism of cutting to 
be deduced.—ns. G. B. 

An Investigation of Strain-hardened, Low-carbon, Mangani- 
ferous Structural Steels after Annealing. FF. Erdmann- 
Jesnitzer. (Neue Hiitte, 1956, 1, Sept., 477-486). Data 
obtained by radiological tests, from ground sections and 
investigations of the strength of these steels have been used 
to divide the process of strain-ageing into a number of 
successive stages. An interpretation of critical degrees of 
straining is presented.—t. J. L. 

The Influence of Cold Working on the Characteristic Debye 
Temperature of Carbon Steel. V. I. Korotkov and B. 
Finkel’stein. (Doklady Akad. Nauk S.S.S.R., 1956, 108, (5), 
846-847. [In Russian]. Measurements of elastic vibrations 
provide data for a mathematical calculation of the charac- 
teristic temperature of a select sample of carbon steel. The 
results show that within experimental errors the value of the 
characteristic temperature remains constant for a wide range 
of deformations.—s. I. T. 

Residual Stresses in Hollow Cylinders of Ledeburitic Chro- 
mium Steel after Various Heat Treatments. H. Biihler and 
E. Herrmann. (Arch. EHisenhiittenwesen, 1956, 27, Oct., 
641-3). The effect of different heat treatments on hollow 
cylinders (31 mm external diameter, 16 mm internal diameter, 
and 45 mm internal diameter, 16 mm internal diameter) of 
steels having 2° C, 13°, Cr, 0-1% V, and 0-8°,, W has been 
investigated.—L. J. L. 

Modified Theories of Fatigue Failure under Combined Stress. 
W.N. Findley and P. N. Mathur. (Proc. Soc. Exper. Stress 


Anal., 1956, 14, (1), 35-46). Combination of bending and 
torsion are described by expressions from modified theories of 
AUGUST, 1957 
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principal stress and a design expression is developed to 
represent fatigue failure, in good agreement with observations. 

The Theoretical Interpretation of Fracture Phenomenon. 
F. Schwarzl. (Metalen, 1956, 11, Nov. 15, 470-476). [In 
Dutch]. In this paper the author considers mathematically 
the fatigue phenomena in various materials including steel 
from the angle of the stress value and the energy of cohesion, 
the influence of impurities on the strength, the statistical 
character of the stress fracture, and the dependence on time. 

A Practical Method of Fatigue Stress Analysis. W. H. 
Burdon. (A ircraft Eng., 1955, S72, Sept., 299-305). Application 
of the standard diagram to design, with examples of pres- 
surized cabins, is discussed. 

Fatigue Testing of Steel at Elevated Temperatures. Part I. 
Knowledge Derived from Previous Tests. F. Wever and M. 
Hempel. (Forsch. Wirts. Nordrhein- Westfalen, No. 311, 1956, 
pp. 36). Part II. Fatigue Tests in Alternating Tension and 
Compression on Two Heat-resisting Steels at 500-650°. (No. 
312, 1956, pp. 36). A review of previous work with many 
curves and tables is presented. (67 references). Work on a 
ferritic 24 CrMoV55 and an austenitic X8 CrNiMoNb 1515 
steel is then described in detail at room temperature and at 
500-650°. The results are shown as Wohler curves and 
discussed at length. 

Study of Fatigue Strength of Shot-Peened Specimens under 
Stresses Exceeding the Fatigue Limit. ©. Ya. Shashin. 
(Vestnik Mashinostroeniya, 1952, 32, (9), 57-60). Steel of 
composition 0-36°, C, 0-74°, Cr, 1-4°%, Ni, and 0-26°, Mo 
was strain-hardened in a reverse bending machine or shot- 
peened and the strength determined. 

On the Solubility of Oxygen in Very Pure Iron. KR. Sifferlen. 
(Compt. Rend., 1957, 224, Feb. 25, 1192-1193). The solubility 


is too small to measure, but effects of impurities and of 


heat-treatments were found. 

Fundamentals of the Transition Temperature Phenomenon 
in Steel. M. Gensamer, J. O. Brittain, H. Hahn and F. 
Deronja. (PB 119047, 1954, pp. 9; TIDU List 726). Effects 
of grain size and hydrogen were studied. 

Permissible Arsenic Content in Type MSt. 3 Steel. B. 8. 
Kasatkin. (Stal’, 1956, (7), 624-629). [In Russian]. In- 
vestigation of the properties of rimming and killed steel has 
confirmed that arsenic contents up to 0-20% have no dele- 
terious effects on the mechanical properties of welded joints. 
With contents over 00-27% the low-temperature brittle 
strength and plasticity are adversely affected.—s. kK. 

Effect of Addition of Metallic Bismuth to Liquid Steel. V. . 
Bozhko. (Trudy Institute Chernot Metallurgivi, 1953, 7, 54-56). 
Viscosity is reduced and oxide film formation is prevented 
but no effect was observed on non-metallic inclusions nor 
were mechanical properties altered. No bismuth remained in 
the finished steel. 

Investigation of the Influence of Boron and Titanium in the 
High-Temperature Properties of Cr-Ni-Mo-Fe Austenitic Alloys. 
C. L. Corey and J. W. Freeman. (PB 121101, 1954, pp. 71; 
TIDU List 726). Boron has considerably more effect in 
presence of titanium. Precipitation hardening is not a major 
factor. Solid solution strengthening by boron was _ not 
appreciable and it appeared that a process analogous to 
strain-ageing was promoted by hot-cold work. 

Some Aspects of the Properties of Heat-Resisting FeAl 
Alloys. J. Pluhat. (Materidlovy Sbornik, 1956, 97-115). [In 
Czech]. The properties of “* Pyroferal,”’ essentially a ternary 
alloy of iron containing 1-2-1-4% C and 28-30% AI are 
described, with particular reference to mechanical, physical 
and chemical properties. Metallurgical aspects, such as 
stability of carbides formed and the weldability and heat- 
resistance of welds are discussed on the basis of experiments 
carried out by the author.—pP. F. 

Heat-Resisting Carbide Type Iron-Aluminium Alloys. J. 
Pluhar. (Problems and Perspectives of Czechoslovak Metallurgy 
and Foundry, 1956, 61-75). A new carbide-type alloy has 
been developed with good heat and corrosion resistance, good 
mechanical properties and satisfactory castability. It is 
suitable for machine parts made, so far, from chromium or 
chromium-nickel steels. (39 references). 


METALLOGRAPHY 


Thermal Microscopy. P. Rys. (Problems and Perspectives of 
Czechoslovak Metallurgy and Foundry, 1956, 142-158). Micro- 
scopy at elevated temperatures is described and illustrated 
with 37 micrographs. Austenite is etched thermally and the 
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development of mosaic structure in eutectoid and hy pereutec- 
toid steels is described. Graphite film formation was observed 
and conditions for it established, and Widmannstatten 
structure examined. A microscope made in Czechoslovakia 
was used. 

The Electron Microscope in Metallography. A. Delong and 
V. Drahos. (Problems and Pe rspectives of Czechoslovak 
Metallurgy and Foundry, 1956, 159-171). Transmission, 
reflexion and emission methods are all reviewed and a new 
universal intrument is described. 

Investigation of Electrolytically Polished Metal Surfaces by 
the Electron Microscope. H. Poppa and H. Spahn. (Meta 
lobe rfldche , 1956, 10, Nov., 329-335; Dee., 358—365). Examina 
tion of electrolytically-polished surfaces under the electror 
microscope reveals a variety of surface structures, due to 
uncontrollable variations in the electrochemical conditions 
Carefully controlled tests were carried out by treating test 
pieces at various positions in the current-potential curve; it 
was found that the best polish was achieved at the end of th 
horizontal part of the curve, where it had begun to rise again 
The work was carried out on non-ferrous material.—t. Db. H 


Investigation of the Structure of Thin, Electrolytically- 
Deposited Metal Layers by Means of the Electron Microscope. 
L. Reimer. (Z. Metallkunde, 1956, 47, Sept., 631-636 
Electrolytically deposited metal layers give better replicas for 
the electron microscope than plastic replicas. Conclusions 
were obtained by comparing bright with dark field photo 
graphs as to the grain size of the layers, and the orienting 
influence of the base metal on very thin lavers . The effect of a 
number of layers was investigated including the deposition of 
a thin layer of iron on very finely crystalline copper. Generally 
speaking, the iron layer is unsatisfactory.—L. D. H. 

Diamond as a New = and Polishing Medium. Rk. 
Vogel. (Z. Metallkunde, 1956, 47, Dec., 775-777). Compara 
tive investigations on alumina and powdered diamond 
showed the latter to be satisfactory, and it was found that some 
difficulties associated with the use of alumina were avoided. 


Possibilities of Electrolytic Polishing for Metallographic 
Examination. I. Hriviiak. (Slevarenstvi, 1957, 5, Mar., 80-82 

Investigations on cast iron are wea A method of 
alternate mechanical and electro-polishing was developed 
using an acetic-chromie acid bath. 

Light Figures of Single Crystals of Sendust. (Fe-Si-—Al Alloy). 
J. Watanabe. (Nippon Kinzoku Gakkai-Si, 1954, 18, Jan.. 
18-21). Etching conditions and crystal orientations for 
10% $i 5% Al alloy are given. 

The Point Counter. A. I. Hallimond. (Mining Mag.. 1956, 
95, Dec., 329-332). A device for assessing volume composition 
from microsections is described. 

Study on Carbides in Iron and Steel by Electrolytic Isolation. 
I. Electrolytic Isolation of Carbide from Carbon Steel. 1’. Sato, 
H. Kaneko and T. Nishizawa. (Nippon Kinzoku Gakkai-Si, 
1955, 19, May, 336-340). [In Japanese}. Optimum conditions 
are described for a hydrochloric acid cell for isolating carbides 
from plain carbon steel, which gives a satisfactory perform 
ance, although there is a small amount of decomposition of 
carbide. In hardened steel, however, carbon in martensite is 
either retained as amorphous carbon or removed as a hydro 
carbon gas.— kK. E. J. 

Non-Metallic Inclusions in Ball-Bearing Steel. S. I. Sapiro. 
(Stal’, 1956, (6), 519-523). [In Russian]. The importance of 
peng ‘tal emulsification as a cause of non-metallic inclusions 
in ball-bearing steels has been confirmed. Oxidation of slag 
carbon is recommended for reducing emulsification.—s. K. 

Research on the Non-metallic Inclusions of Killed Steel. I. 
Y. Koike and 8. Noda. (Tetsu to Hagane, 1956, 42, Oct., 
962-968). [In Japanese]. Microscopic inclusions in a 5-ton 
ingot differed between top and bottom of the ingot, and 
differed from those in a ladle sample-ingot. They were not 
greatly affected by the pouring method or by Al additions. 
Macroscopic inclusions (streak seams) of the Al,O, type were 
found at the bottom of the ingot and in the end of columnar 
crystals when 430 g of Al/t were added. The rate of occurrence 
was influenced by teeming velocity etc.; it increased when the 
steel was viscous.—kK. E. J. 

Research on the Non-metallic Inclusions of Killed Steel. II. 
Y. Koike and 38. gr Higa vase (Tetsu to Hagane, 1956, 42, 
Nov., 1030-1035). [In Japanese]. The origins of streak 
seams in a 5-ton aluminium-killed ingot are reaction between 
Mn, its oxide or iron in the metal with refractory, to give 
manganese silicate type seams; oxidation of Al by air to give 
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Al,O,-type seams; and reduction of eroded refractories by Al 
to give high-Al,O, type seams. The size and distribution of 
the seams are discussed.—k. E. J. 

Residue Isolation in Pig and Cast Iron by a New Sample 
Holder. ©. G. Nestler. (Stahl u. Eisen, 1957, 77, Feb. 7, 
167-168). The isolation process due to Wittmoser and 
Bockhammer is improved and a new electrolytic cell developed. 
The nickel plating of the sample could be eliminated, the 
sample is fixed by a permanent magnet, and the network of 
the cementite retains all the inclusions.—t. G. 

Localisation of Hydrogen in the Lattice of a-Iron. J: 
Plusquellec, P. Azou and P. Bastien. (Compt. Rend., 1957, 
Vol. 244, Feb. 25, 1195-1197. X-Ray diffraction shows 
hydrogen preferentially associated with lattice defects in the 

] 12} planes. : 

Thermodynamics and Interatomic Bonding in Iron Alloys. 
R. Hultgren. (Amer. Iron Steel Inst., Reg. Tech. Meetings, 
1956, 317-322). Theoretical and empirical approaches to the 
development of new alloys are discussed. 

A System for Controlled Linear Cooling of Laboratory 
Furnaces. T. W. Lomas and L. G. Finch. (J. Sci. Instruments, 
1957, 84, Mar., 118-120). A bridge network for use with a 
proportioning temperature controller is described. 

Contribution to the Study of the Initial Stage of Recrystalliza- 
tion. M. Cenek. (Preblems and Perspectives of Czechoslovak 
Metallurgy and Foundry, 1956, 116-124). The block theory of 
recrystallization is confirmed by metallographic observations 
on cold-worked materials. 

Origin of Graphite in Cast Irons. J. E. Harris and V. Kondic. 
(Foundry Trade J., 1957, 102, Feb. 28, 267-277; Mar. 7, 
311-314). Some types of graphite phase result in solidification 
and others from Fe, decomposition in the solid state. 
Conditions for both processes have been studied and the 
second is found to be more common than was previously 
thought. A theory is advanced assuming, in general, that 
graphite separates in hypoeutectoid irons by decomposition 
of carbide. 

Contribution to the Morphology of Graphite in Cast Iron. 
J. Jezek and K. Lobl. (Slevarenstvi, 1956, 4, Dec., 53-56). 
Electron microscopy of grey, spheroidal and malleable 
cast irons is reported and the growth patterns described. ; 

The Precipitation of «-carbide by Ageing of Soft Steel. N. 
Hansen and E. Langer. (J. Iron Steel Inst., 1957, 186, Aug., 
422-424). [This issue]. 

Grain-boundary Precipitation of Graphite in Cast Iron and 
the Thermodynamic Properties of Austenite. S. Kachi. 
(Nippon Kinzoku Gakkai-Si, 1955, 19, May, 340-343). [In 
Japanese]. The precipitation of graphite during annealing 
of white cast iron at 950-1100° C was observed micro- 
scopically, and shown to occur mainly at grain boundaries of 
austenite, austenite-cementite interfaces, or at the surfaces of 
non-metallic inclusions. This behaviour is explained in terms 
of the impossibility of direct decomposition of cementite and 
the thermodynamic properties of austenite.—k. E. J. 

Note on the Isothermal Transformation of Austenitic 
Manganese Steel. A. E. W. Smith. (J. Iron Steel Inst., 1957, 
186, Aug., 425-428). [This issue]. 

Structure Reports 1940-1941. (1956, 8, pp. 383). Structures 
are given for Al-Cu Fe, Al-Fe—-Ni, As—Fe, C—Fe, C—Fe Mn, 
Co-Fe, Cu—Fe-Ni, Fe, Fe-Ni, Fe-Nb, Fe—Pd, Fe—Pt, Fe-Si, 
Fe-Ta, Fe-Ti, Fe-W, Fe-Zn, Fe-Zr. Ferrites, and various 


borides and silicates. 


CORROSION 


Corrosion Testing Stations of the French Iron and Steel 
Industry. (Aciers Fins Spec. Frang., 1956, Dec., 10-14). The 
importance of the study of corrosion of metals and the past 
achievements of French research’ workers are discussed, and 
the work undertaken by corrosion testing stations is described 
briefly. A short account is given of the studies being carried 
out at three testing stations in France, and details are given 
of the equipment available in these stations.—®. A. C. 

Hydrogen Evolution Reaction on Copper, Gold, Molybdenum, 
Palladium, Rhodium and Iron. N. Pentland, J. O’M. Bockris, 
and E. Sheldon. (J. Electrochem. Soc., 1957, 104, Mar., 182 
194). Measurements in the low c.d. region are reported. There 
is a general tendency for the metals to have a rate-controlling 
desorption reaction in acid solution and a rate-determining 
discharge step in alkaline solution. The behaviour of iron 
is briefly discussed. 
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The Influence of Light on the Atmospheric Corrosion of 
Zinc and Iron in Clean Atmospheres. E. Beranek, K. Barton, 
K. Smréek and I. Sekera. (Chemické Listy, 1956, 50, (10), 
1563-1572). [In Czech]. Experiments with green light under 
controlled conditions, involving mainly polarography, are 
described. It is concluded that reductions in the corrosion 
rates observed to arise on illuminating the metals are due to 
photochemical reactions inhibiting oxidation. The hypothesis 
of Veselovsky and Shuba, relating to the formation of H,O, as 
a result of illumination, is claimed to have been disproved by 
the evidence obtained.—P. F. 

The Mechanisms of Atmospheric Corrosion of Metals in 
Humid Atmospheres Containing Sulphur Dioxide. K. Barton 
and E. Berdnek. (Chemické Listy, 1956, 50, (9) 1388-13938). 
{In Czech]. Corrosion tests on mild steel, copper and zinc, 
carried out in controlled atmospheres are described. On the 
basis of X-ray and chemical analysis of the reaction products 
the reaction kinetics are elucidated, and the equations given. 

The Corrosion of Mild Steel by Aqueous Ammonium Thio- 
cyanate. L. A. Ravald, J. W. Chilver and R. Williams. (./. 
Appl. Chem., 1957, '7, March, 113-117). 

Corrosion of Mild Steel by Normal and Acid Alkali Fluorides. 
I. Influence of the Concentration of the Solution on the Attack 
on Mild Steel. W. Kohler. (Werkstoffe Korrosion, 1957, 8, Mar. 
133-138). Test results are reported for the corrosion of mild 
steel immersed in solution of normal and acid KF, acid NH,F 
and of a proprietary compound used for impregnating timber: 
at 20°C, in a concentration range 0-2 to 20% for 28 days. 
Above a certain concentration the corrosion falls to a minimum 
value, which is practically nil for the KF solutions and the 
proprietary compound, but remains appreciable for the acid 
NH,F solutions. This decrease is associated with the forma- 
tion of protective films on the steel.— J. c. H. 

The Corrosion of Iron in Nitration Acid. I. Corrosion 
in Sulphuric Acid Solutions. Il. Corrosion Mechanism in 
Sulphuric Acid Solutions. H. Endo and G. Yokoyama. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, Jan., 11-14, 14-18). 
Studies on iron for use in a tower H,SO, plant were made in 
50-90% H,SO, without nitrogen oxides. Mechanisms below 
50° and above 60% are discussed. 

Corrosion of Metals in Alkaline Solutions. II. On the Con- 
tact Corrosion of Dissimilar Metals. 2. Mild Steel-Phosphor 
Bronze. H. Endo and N. Ohtani. (Nippon Kinzoku Gakkai-Si, 
1954, 18, June, 333-337). Corrosion was studied in Na,SO, 
and Na,CO, solutions at 30°. An equation is given for cor- 
rosion loss and various features are discussed. 

Corrosion of Metals in Alkaline Solutions. V. On Contact 
Corrosion of Dissimilar Metals. 5. Effect of Dissolved Oxygen. 
H. Endo and N. Ohtani. (Nippon Kinzoku Gakkai-Si, 1955, 
19, May, 329-332). [In Japanese]. The contact corrosion loss 
of zinc in a zine-mild steel couple in alkaline solutions increases 
by adding a small amount of hydrogen peroxide and decreases 
as the dissolved oxygen increases. At pH 7 the loss increases 
because of cathodic depolarization, and at pH 12-5 because of 
the change of corrosion product Zn(OH), into soluble HZnO,- 
or ZnO,-~, with depolarization of both electrodes. (10 refer- 
ences).——K. E. J. 

Stress Corrosion of Austenitic Stainless Steels in Steam and 
Hot-water Systems. ©. Edeleanu and P. P. Snowden. (J. Jron 
Steel Inst., 1957, 186, Aug., 406-422). [This issue]. 

Stress Corrosion Cracking and Embrittlement. (Hectro- 
chemical Society Symposium, 1954. Boston, 1956, pp. 202). 
The Phenomena and Mechanism of Stress Corrosion Cracking. 
J.J. Harwood. (1-20). Environment, metallurgical structure, 
stress, characteristics of cracks and prevention are described 
and mechanism is discussed. Intergranular and_trans- 
granular cracking systems and mechanisms of crack propaga- 
‘ion are reviewed. (36 references). The Structure of Grain 
Boundaries. B. Chalmers. (21-31). Experimental methods 
are discussed and boundary energy measurements and 
diffusion. Dislocation theory is invoked. Structural Factors 
Associated with Stress Corrosion Cracking of Homogeneous 
Alloys. W. D. Robertson and R. Bakish. (32-47). Thermo: 
dynamic conditions for failure, plastic deformation, trans- 
granular cracking and other topics are further discussed and 
mechanism summarized. (25 references). Stress Corrosion 
Cracking in Homogeneous Alloys. L. Graf. (48-60). Charac- 
teristic susceptibility is discussed in terms of alloys in which 
cracking occurs by intercrystalline precipitation and alloys 
undergoing ‘‘ season cracking.”’ The systems discussed are 
non-ferrous. The Role of Boundary Adsorption in Stress 
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Corrosion Cracking. R. Speiser and J. W. Spretnak. (92-106). 
Stress Corrosion Cracking of Austenitic Stainless Steels in 
Aqueous Chloride Solutions. T. P. Hoar and J. G. Hines. 
(107-125). Thin wires loaded in tension were used, mostly of 
18-8 reeled and unreeled. Magnesium chloride 42 wt. °, was 
used as corrosive medium. Electrode potential changes were 
measured and temperature, composition and other factors 
were studied. The qualitative mechanism is discussed and 
cathodic protection is advocated as the most promising 
method of protection. (23 references). The Phenomena of 
Stress Corrosion Cracking in Austenitic Stainless Steels. ©. 
Edeleanu. (126-139). Evidence is produced that corrosion 


produces only insignificant penetration and that most of 


the cracking must be physical, however the final rapid stage 
cannot be physical alone and can be halted by chemical means. 
Hydrogen embrittlement may also occur, especially in steels 
readily forming martensite. A mechanism involving localized 
corrosion is suggested though the corrosion may merely 
trigger the mechanical process responsible. (25 references). 
Stress Corrosion Cracking in Mild Steels. KR. N. Parkins. 
(140-157). Effects of carbon content, carbide distribution, 
applied stress and cold work are surveyed and microstructural 
studies reported. Boundary distortion is suggested as a 
factor favouring attack. Nitrate solutions were used. (32 
references). On the Mechanism of Chemical Cracking. U. KR. 
Evans. (158-162). The effect of corrosion may be to break 
up relatively small * bridges’’ holding a deformed region 
together. Hydrogen in Iron and Its Alloys. W. R. Heller. 
(163-165). A review of the occlusion, diffusion and solubility 
of the gas with a theoretical treatment of vacancy sorption. 
(28 references). Ductility of Steel with Varying Concentrations 
of Hydrogen. T. Toh and W. M. Baldwin, Jun. (176-186). 
SAE 1020 steel charged with hydrogen was used. After 
spheroidizing at 1250° F for 168 h it was cathodically charged 
with H, and tested in tension. Similar tests were made 
after removal of surface layers. Laboratory Techniques for the 
Investigation of Stress Corrosion Cracking. H. KR. Copson. 
(187-200). Service experience is correlated. (52 references). 

Contribution to the Study of Factors in the Breakage of 
Mild Steel under Tension in an Acid Medium Saturated with 
Hydrogen Sulphide. EK. Herzog. (Compt. Rend., 1957, 244, 
Mar. 11, 1499-1502). Steels with 0-08-0-01°, C were tested 
plain or with additions of Ti, Cr, Mo V, and Al. These 
were normalized at the Ac3 point and tested in HCl and H,SOy,. 
In plain steels with carbides of Fe and Mn breakage was 
transgranular and in the others preferentially intergranular. 
A tracer element study has been started. 

Effect of Purity and Structure of Iron on its Susceptibility 
to Cathodic Hydrogen Absorption. 8. Bernard and J. Talbot. 
(Compt. Rend., 1957, 244, Feb. 25, 1193-1195). Iron purified 
by zone melting was used. Dependence on impurities and on 
the polygonized state was found. Contents of about 3-10 em$ 
100 g were found compared with ~ 40 cm® for Armco iron. 

The Fretting Corrosion of Mild Steel. J. S. Halliday and 
W. Hirst. (Proc. Roy. Soc., 1956, 286, Aug. 2, 411-425). 
Quantitative measurements of frictional forces, degree of 
damage and electrical contact resistance for a wide range of 
load, vibration amplitude and number of cycles were made. 
It is coneluded that a sequence of processes is involved, a 
stage of plastic flow leading to intermetallic junction forma- 
tion, rupture of junctions, and the appearance of black oxide 
particles. Also the wear rate, resistance and coefficient of 
friction are greatly dependent on amplitude. 

Cavitation Erosicn in Diesels Can be Reduced. (SAL. /.. 
1957, 65, Mar., 68-70). An account based on five papers 
read at a symposium. 

On Selective Dissolution of Iron-Chromium Nickel Alloys. 
H. Hatwell. (Compt. Rend., 1957, 244, Jan. 14, 340-343). The 
effect of oxalic acid is shown. Chromium segregates in the 
interdendritic spaces and this phase dissolved rapidly on 
anodic attack. 

The Hydrolytic Transition of the Chromate of 2-Methyl- 
butanol-2 from a Hydrocarbon Phase to the Aqueous Phase, 
and its Utilisation as Corrosion-Inhibitor for Steels. L. Verveny 
and R. Bartoni¢éek. (Chemické Listy, 1956, 50, (12), 1880 
1884). [In Czech].—P. F. 

Analysis of Corrosion Products by Paper Chromatography. 
Db. G. Stern and F. Corry. (Metal Treatment and Drop Forging, 
1957, 24, Mar., 93-97). A general account of the techniques 
and reagents used is given. 
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Soiving Unexpected Corrosion Problems. (. D. Gardner. 
(Chem. Eng., 1957, 64, Feb., 292, 294, 296, 298 300). Failures 
of steel pipes at bends while carrying H,SO, and of high-alloy 
steel valves in 45°% acid containing carbon are described with 
causes and remedies. Stainless steel was substituted for copper 
in hot hydrocarbon vapoure cantaining 99% SO,. 

Measurement of the Corrosion Rate of Iron by Polarization 
Techniques. W. J. Schwerdtfeger. (J. Res. Nat. Bur. Stand., 
1957, 58, Mar., 145-153). An automatic apparatus with pen 
recorder is described. Measurements were made in 2000 p.p.m. 
NaCl solution. 

Inhibition of the Dissolution of Iron in Acid Media—Hydro- 
gen Absorption and Evolution With and Without Wetting 
Agents. L. Felloni and G. Bolognesi. (Proc. 2nd Internat. 
Congress of Surface Activity, preprint, 1957, (2), 178-183). 
Armco iron was used and hydrogen bubble formation was 
determined. 

Prevention of Corrosion in Packaging and Storage. b. L. 
Evans and E. G. Stroud. (Chem. Indust., 1957, Mar. 2, 


242-248). Atmospheric corrosion is reviewed including 
humidity and other controlling factors and prevention in 
storage and transit is discussed. Actual applications are 


mentioned in title with the recommendations made. 

Prevention of Corrosion in Packaging and Storage. Kk. 8 
Turnbull. (Chem. Indust., 1957, Apr. 13, 446-451). Temporary 
protectives, vapour-phase inhibitors and desiccants, barrier 
materials, cushioning materials and container materials are 
reviewed. Testing methods are discussed. 

Protection of Tubes against Corrosion during Transport and 
Storage. M. 8S. Goncharevskii and N. V. Bogoyavlenskaya 
(Stal’, 1956, (7), 619-623). [In Russian]. A solution of two 
bitumens in petrol was found to provide sufficient anti 
corrosion protection to tubes, to eliminate the necessity for 
removing surface rust before applying the final bituminous 
coating. S. K. 

Protection of Oil Tanker Cargo Tanks. (Corrosion Tech) 
1957, 4, Jan., 15-16). The success of Epikote-resin-based 
paints is illustrated by outlining the trials that have been 
carried out on m.v. * Pendrecht’ (Messrs. van Ommeren, 
Rotterdam) and * Nebulosa * (A.G.I.P., Italy).—t. rE. w. 

Prevention of Corrosion. Cathodic Protection of Iron and 
Steel Structures. L. B. Hobgen, K. A. Spencer and P. W 
Heselgrave. (Elect. Rev., 1957, 160, 481-482). A review of 
sacrificial-anode and power-impressed protection methods 
with details of the cost of installations and discussion. Pip: 
lines and power station cooling systems are mentioned. 

On the Cathodic Protection of Metals. II. On the Cathodic 
Corrosion of 18-8 Stainless Steel G. Ito. (Nippon Kinzoku 
Gakkai-Si., 1954, 18, June, 338-341). Corrosion of IS—S in 
acid and NaCl solutions at certain c.d. was observed, but at 
higher e.d. this was prevented. Corrosion is due to breakdown 
of the oxide film by H,. 

Preventing Corrosion Interference When Cathodically 
Protecting Buried Structures. J. F. Light. (Chem. Indust., 
1957, Apr. 13, 452-455). Theory, instruments and testing, 
interference limits and protection by siting, connecting 
protected and unprotected structures (bonding), the use of 
of series resistors, reactive anodes, insulated wrapping of local 
features and screening with metals are briefly described 

Observations on Methods of Protecting Metal Pipes in the 
Ground. Experiments of Corrosion by Dispersed Currents. |’. 
Ugolini. (Corrosione, 1955, 1, Nov.-Dec., 167-170). In 
Italian]. The author reviews the various methods currently 
used for protecting metal pipes in the ground from corrosion by 
by dispersed electric currents. Practical application of these 
methods is discussed in some detail. Examples are given of 
water pipes which have suffered damage by corrosion and a 
number of coloured plates illustrate the phenomemon. 
Laboratory researches on electrochemical corrosion are 
described. (18 references.)—M. D. J. B. 

Cathodic Protection in Refrigeration. L. Piatti and H 
Bourquin. (Schweiz. Arch. Wiss. Techn., 1956, 22, Nov., 
356-362). In refrigeration plant the brine has a strongly 
corrosive effect on the steel tanks and piping. This is increased 
by leaks of the ammonia refrigerant. For corrosion protection 
the cathodic method yields the best results and the technique 
and control of this system are described in the paper.—.. R. P 

On Cathodic Protection in Soil by the Galvanic Method. I. 
T. Markovic. (Werkstoffe Korrosion, 1956, 7, Oct., 566-570) 
A theoretical discussion is given of the corrosion of iron by 
soil both when buried alone and when protected by cathodes of 
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magnesium or zinc. The rate of attack of unprotected iron is 
influenced greatly by the water content of the soil and in- 
creases from a negligible value in perfectly dry soil to a maxi- 
mum at the point where the soil is saturated with water; 
beyond this there is a sudden fall to a low rate of attack when 
free water becomes present. 
buried iron is determined by the total length of the periods 
during which the soil is not saturated with water.— J. Cc. H. 

On Cathodic Protection in Soil by the Galvanic Method. II. 
T. Markovic, Z. Dugi and D. Sevdic. (Werkstoffe Korrosion, 
1956, 7, Dec., 705-708). The subject is discussed on the basis 
of laboratory test results for iron-zine and iron-magnesium 
couples buried in four types of soil at both 25% and 100% 
saturation. Cathodic protection proved more effective, as 
expected, in the saturated soils—s. c. H. 

Cathodic Protection for Small Shipping. M. G. leone and 
I. D. G. Graham. (Corrosion Techn., 1957, 4, Jan., 9-12). The 
authors trace the story of the development of pt tech- 
niques for fishing vessels, tugs, lighters, yachts, ete. The 
problems encountered and the ways in which they were 
overcome are described with special reference to magnesium 
hull anodes.—t. E. w. 

Prevention of Furring by Physical Methods. L. Devienne, 
J. Laureys, J. Van Mujder and M. Pourbaix. (Corrosione, 
1955, 1, Nov.-Dec., 177-179). [In Italian]. A brief review is 
given of researches carried out by a number of authorities, 
mainly in Belgium, on the electrical treatment of waters to 
prevent furring of water pipes.—M. D. J. B. 


ANALYSIS 


The Importance of Analytical Research in the Iron and 
Steel Industry. D. V. Swindell. (Metallurgia, 1957, 55, April, 
203-207). New techniques are reviewed, especially the use of 
instrumental methods and the time saved thereby. Colori- 
metry, spectrochemical methods, and various special tech- 
niques are outlined. 

Photometric Titration. J. Brand8tetr and 8S. Kotrly. 
(Slevarenstvi, 1956, 4, Nov., 335-388). A review of methods 
with reference to the sensitivity of the method for 21 
elements. (63 references.) 

A Recording Microphotometer of Czechoslovak Manufacture. 
L. Duben. (Materidlovy Sbornik, 1956, 181-191). [In Czech]. 
The design and performance of the instrument are discussed. 

New Applications of Polarography in Metallurgical and 
Foundry analyses. M. Spalenka. (Problems and Perspectives 
of Czechoslovak Metallurgy and Foundry, 1956, 315-325). 
Determinations of Cr in Permalloy, Pb in pure tin, of Cl in 
ammonium chloride slags and Zn electrolytes, of traces of Fe 
in refined Sb and of Sn in W concentrates are described. 

The Statistical Evaluation of Works and Laboratory Results. 
F. Kiessewetter. (Radex-Rundschau, 1956, (6), 300-308). A 
subjective comparison of process results and statistical tests 
of significance is made and the value of the latter is further 
demonstrated with reference to investigations of (1) the 
accuracy of rapid analysis of magnesite for silica and lime 
contents, (2) gas permeability and porosity of special mag- 
nesite refractories, and (3) a mixing operation. 

Determination of Iron Oxide in Chrome Ores. N. Skalla and 
K. Reischl. (Radex-Rundschau, 1956, (6), 294— 299). After a 
critical survey of methods of determining the iron oxide 
content of chrome ore, the methods of sulphuric acid solution 
in a bomb tube and phosphoric acid-vanadium pentoxide 
solution are described. The former method, when carried 
out at 250° C using carbon dioxide as a protective gas, is more 
accurate but the latter method is quicker and more suitable 
for routine production control. 

Rapid Polarographic Determination of Iron and Aluminium 
in Zinc Pot Samples and Zinc-coated Sheets. Y. Miura. (Nippon 
Kinzoku Gakkai-Si, 1955, 19, May, 310-313). [In Japanese]. 
Iron can be determined in zine pot samples by a polarographic 
technique using E.D.T.A. in 17 minutes. Al is determined in 
1 hour by a Willard-Dean method applied after interfering 
ions have been removed by electrolysis with a magnetic 
mercury cathode. Both elements are determined in zinc 
coatings by sealing a section of sheet with paraffin, dissolving 
in a mixture of HCl and HClO, and proceeding as before. 
Samples should be taken perpendicular to the rolling direction. 
A blackish colloidal precipitation during electrolytic separation 
is anodic platinum, which does not interfere. (15 references.) 

Hydrazinophthalazines. I. Organic Reagents for the 
Determination of Iron. R. Ruggieri. (Anal. Chim. Acta, 1957, 
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16, Mar., 242-245). II. Organic Reagents for the Determination 
of Vanadium. (246-248). 

Some Problems and Tasks of Contemporary Investigation of 
Gases, Non-metallic Inclusions and Carbides in Iron Alloys. 
M. Sicha. (Problems and Perspectives of Czechoslovak Metal- 
lurgy and Foundry, 1956, 305-314). Methods of determination 
of O, and H, in steel melts are given and their importance 
discussed. It is pointed out that there is need for work on the 
problems of gases and other inclusions in steel, particularly 
for the development of refractory and other new alloys. 

Determination of Nitrogen in Steel. III. On Steam-Distilla- 
tion Titration and a Photometric Method. 8S. Takano, M. 
Thida and Z. Tsutsumi. (Nippon Kinzoku Gakkai-Si, 1954, 18, 
Aug., 494-498). [In Japanese]. Safe and convenient apparatus 
is described for the steam distillation used in titration and 
photometric methods; 5-10 min are needed for distillation. 
The sample can be dissolved in 60% HCIO, in 2—4 min without 
loss of NH, which occurs only above 200° C. If the acid con- 
tains oxides of nitrogen, it should be purified (procedure 
explained), and a blank test et be made on a sample of 
known nitrogen content.—k. 

New Rapid Method for Determination of Gaseous Contents in 

Iron and Steel. II. Determination of Hydrogen Contents in Iron 
and Steel. N. Yoneda and H. Kitagawa. (Tetsu to Hayane, 
1956, 42, Oct., 986-988). [In Japanese]. The apparatus and 
mode of operation are described. (Cf. ibid., 1956, 42, Aug., 
673).—K. E. J. 
Sampling Methods for Hydrogen Determination in Steel. LL. 
Bjirkerud. (Jernkontorets Ann., 1957, 141, (2), 94-99). 
Sampling from ladles and from moulds with top or bottom 
pouring is described. Tests made with or without grinding of 
the samples are recorded and the methods of sampling and 
treatment now used are given. 

Apparatus for the Determination of Hydrogen in Steel. L. 
Bjerkerud. (Jernkontorets Ann., 1957, 141, (2), 90-94). 

Research on the Hydrogen Analysis of Iron and Steel by 
Low-Pressure and Constant-Volume Method. T. Tanoue, 
M. Matsuba and 8. Inoue. (Sumitomo Metals, 1956, 8, Oct 
55-60). Apparatus is described in which the He is removed at 
low pressure oxidized with CuO and the water absorbed in 
P,O;. Hydrogen volume is calculated from change of pressure, 

Determination of Small Carbon Contents of a-Iron by 
Evaporation. F. Wever and W. Wepner. (Forsch. Wirts. 
Nordrhein- Westfalen, No. 230, 1955, pp. 19). 

Rapid Quantitative Analysis of Carbon in Steel with the 
Quantometer. H. Yoshinaga, S. Fujita and S. Minami. 
(Nippon Kinzoku Gakkai-Si, 1954, 18, June, 354-357). 

The Influence of Sampling Methods on the Determination of 
Carbon in Spheroidal Graphite Cast Iron, Ordinary Grey Iron, 
and Pig Iron. R. Sietnieks. (Gjuteriet, 1956, 46, Dec., 164-168). 
Small solid samples or granulated samples are recommended. 
If drillings are used, the sample should be drilled so as to 
make them as large as possible and only the largest prices 
should be chosen. With pig or grey cast irons, results from 
large selected drillings are almost as good as those from 
small solid samples. With spheroidal iron, some graphite is 
always lost. Instead of annealed spheroidal graphite iron, 
crushed white 8.G. should be used, in which all the carbon is 
combined. 

Simultaneous Determination of Small Carbon and Nitrogen 
Contents of a-Iron by Evaporation. F. Wever and W. Wepner. 
(Forsch. Wirts. Nordrhein- Westfalen, No. 321, 1956, pp. 17). 

The Determination of Cobalt in Ferrous Alloys Using a 
Chromatographic Separation. D. G. Stern. (Metallurgia, 
1957, 55, Apr., 207-208). Chromatography on a cellulose 
column is followed by precipitation with nitroso—1—naphthol. 

The Separation and Detection of Vanadium, Molybdenum and 
Titanium by Capillary Chromatography. P. Cerny. (Chemické 
Listy, 1956, 50, (12), 2026-2028). [In Czech].—P. F. 

Separation of Copper and Iron on Wofatit F and Wofatit P 
Using Pyrophosphate CR Z. Marezenko. (Chemia 
Analityczna, 1956, 1, (4), 263-272). [In Polish]. 

The Determination of Small Aluminium Contents in Steel. II. 
A. Neuberger and E. Schéffmann. (Arch. Eisenhiittenwesen, 
1957, 28, Feb., 65-66). It is shown that aluminium losses can 
be reduced from 25% to 3%, and that the accuracy of deter- 
mination can be considerably improved, by combining the 
Zorner-Krath-Feucht enrichment process with the caustic 
soda process.—L. J. L. 

Photometric Determination of Arsenic in Commercial Iron 
Using Silver Diethyldithiocarbamate. Z. Veéera and 
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Bieber. (Slevarenstv7, 1956, 4, Dec., 366-370). The sample 
is dissolved in HNO,-H,O, and fumed down with H,SO,, 
arsine is passed into the reagent in pyridine and the red colour 
measured. The sensitivity is claimed to be very high. 

Influence of Arsenic on the Analysis of Iron and Steel. I. On 
the Determination of Sulphur and Phosphorus. H. Goto and 
S. Watanabe. (Nippon Kinzoku Gakkai-Si, 1954, 18, Aug.., 
470-474). [In Japanese]. Arsenic has no influence on the 
determination of S, whether by the combustion method, 
gravimetry or the evolution method; in the last-mentioned 
case, however, arsine is liberated, and it is advisable to 
absorb this in KMnO, solution. In the determination of P 
by the normal precipitation method, higher values are ob- 
tained as the As content rises; the error can be reduced to 
reasonable sagen by precipitating phosphomolybdate a 
low temperatures.— kK, E. J. 

Influence of Arsenic on the Analysis of Iron and _ II. 
On the Determination of Copper and Manganese. H. Goto and 
S. Watanabe. (Nippon Kinzoku Gakkai-Si, 1954, 18, Aug., 
474-477). [In Japanese]. In the determination of copper, 
arsenic had no effect on the Na,S,O, separation method and 
no direct effect on the H,S method; in the latter, however, the 
amounts of iron co-precipitated with sulphides were increased, 
and hence re-precipitation of Fe(OH), to remove iron was 
necessary. gs interference was caused in any determination 
of Mn.—k. E. 

Pampemabic Determination of Traces of Thallium in 
Metallic Cadmium and Lead and in Iron-Cadmium Sponge. Z. 
Zagorski and O. Kempinski. (Chemia Analityczna, 1956, 1, 
(4). 273-284). 

Symposium on pH Measurement. (Amer. Soc. Test. Mat., 
Special Publ., No. 190, 1956, pp. 101). 

Remarks on the Spectrum of Iron in Brode’s Tables. .J. 
Knop. (Chemické Listy, 1956, 50, (12), 2040-2041). [In 
Czech}. A number of errors of measurement, as well as print- 
ing errors were found in the tables relating to the are spectrum 
of iron as given in W. R. Brode’s book ** Chemical Spectro- 
scopy,” 2nd edition, 1945. These have been corrected, and 
the corrections listed.—P. F. 

Spectroscopic Splitting Factors for Iron and Silicon Iron. 
G.S. Barlow and K. J. Standley. (Proc. Phys. Soc., 1956, 69, 
Oct. 1, 1052-1055). 

Rapid Spectrophotometric Determination of Copper in Iron, 
Steel and Ferrous Alloys. ©. U. Wetlesen. (Anal. Chim. Acta, 
1957, 16, Mar., 268-270). biseycloHexanone—oxalyldihydra- 
zone is used in alcoholic solution. A blue complex is formed. 

The Variations with Temperature of the Spectral Emissivities 
of Iron, Nickel and Cobalt. L. Ward. (Proc. Phys. Soc., 1956, 
69B, Mar. 1, 339-343). Measurements over the ranges 
1-0-3-0u% and 650-1350° C are reported. Anomalies occur 
near the Curie points of Fe and Co. 

Spectrographic Determination of Copper and Nickel in the 
Surface Layer of Steel. T. Takei. (Nippon Kinzoku Gakkai-Si, 
1955, 19, May, 306-309). [In Japanese]. A spark technique 
was examined for determining local concentrations of Cu and 
Ni in the enriched surface layer of steel heated in an oxidizing 
atmosphere, and is described in detail. It was impossible to 
obtain results comparable with those‘ from normal spectro- 
graphic analysis, while chemical and spectrographic results 
from a position 0-2 mm or more below the surface agreed well. 


INDUSTRIAL USES AND 
APPLICATIONS 


Die Steel Useful for Ultra High-Strength Structural Require- 
ments. J. C. Hamaker, Jun. (Metal Progress, 1956, 70, 
Dec., 93-96). The strength, toughness, ductility and thermal 
stability of a 5% chromium die steel are shown to be superior 
to those at any high strength structural alloy proposed for 
aircraft operation in the temperature range 100 to 

1000° F.—. G. B. 

Metallurgical and Other Factors Associated with the Making 

7 the Guthega Penstock. J. E. Power. (Australasian Eng., 

1956, 49, Nov. 7, 50-57). Materials, specifications, testing 
results on satisfactory and defective plates, welding methods 
and testing, including radiographic examination, are reported. 
(5 references). 

The Development of Forging and Casting Alloys for Turbine 
Buckets. R. P. De Vries, Jun., and G. Mohling. (PB 118760, 
1951, pp. 54; TI DU List 703). V-912 and W-834 are described 
of respective compositions 34-9% Co, 6-59 W, 1-6% Nb, 
20% Cr, 20% Ni, 3% Mo, 0-3% Si, 1-0% Mn, 0:3% C and 
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balance Fe; and 29-5% Co, 8-0% W, 0°5% C, 25% Cr, 20% 
Ni, 3% Mo, 0°5% Si, 1-0% Mn and balance Fe 

Steels Used in the Making of Gears. A. Be lini. (Rivista 
Mecc., 1954, 5, July 17, 7-16). [In Italian]. The author 
discusses in some detail the characteristics of various steels for 
gear making. The choice? of materials, the best way of working 
these and of heat treating them is examined.—xm. D. J. B. 

Special Steels for the Manufacture of Boiler Tubes. (Ac/ers 
Fins Spec. Frang., 1956, Dee., 55-61). Modern steam boilers 
operating at high tempe rature s and pressures have led to the 
demand for high quality steels for boiler tubing to stand up 
to these severe working conditions. The physical and mechani 
cal properties of such steels are discussed, and full details are 
given of a number of grades of steel which are widely used. 


Assessing the Safety of Structural Components Used at High 
Steam Temperatures. H. Peters. (BWAK, 1957, 9, Feb., 71-81). 
The choice of materials, features of plant design, and surveil 
lance in operation, are discussed from page point of view of 
the safety of boiler plant installations.—p. 

The Use of Other Elements in Place of Molybdenum in 
Steels for Steam Superheater Tubes. W. Tomaszezyk. (Pr 
Inst. Ministerstwa Hutnictwa, 1957, 9, 13-40). Cr Mo. 
Cr—Mo-V, Mn-Si, Cr-V, Cr—W and Cr—-W-V steels were 
examined by tensile and impact tests over a range of tem 
peratures, in creep at 500—550° C and in oxidation tests at 500 
575°. Temper brittleness, welding properties, and bending 
behavour were also examined. The usual Mo steel can be 
replaced by Cr-Mo, Cr-V, Cr-Mo-V or Cr-W-V steels if 
Mo is in short supply. Cr—-W steels have low creep resistance 
and Mn-Si steels are intermediate between carbon and Cr—Mo 
steels. 

The Choice of High Temperature Steels for the Petroleum 
Refinery Industry. G. Pastonesi and M. Avanzi. (Calore, 1956, 
27, Dee., 571-576). [In Italian]. The authors describe the 
characteristics desirable in steels which have to stand tem 
peratures ranging from 5° to 300°C, from 300° to 600°C, 
over 600° C, and also very low temperatures. Mechanical 
characteristics of a variety of steels are listed. (13 references.) 

Special Materials for Unusual Ball Bearing ———. Ww: 
Blinder. (Gen. Motors Eng. J., 1957, 4, Jan.-Feb.-Mar., 
42-46). An account is given of a testing tar devised to 
determine suitable materials for ball bearings required to 
work in severe operating conditions. Details are given of 
materials used for bearings for normal applications and of 
possible materials for high temperatures and also for non 
magnetic and corrosion-resistant applications.—E. A. ©. 

The Use of Steels in Atomic Power Plants. J. F. Schumar and 
N. Balai. (Amer. Iron Steel Inst. Reg. Tech. Meetings 1956, 
7-29). The Argonne National Laboratory experimental 
breeder reactor II is described with a section on the corrosion 
of steel in sodium, and the experimental boiling water reactor 
is then reviewed and the uses of steel and their resistance to 
high temperature water outlined. The effect of irradiation is 
briefy discussed. 


HISTORICAL 


Iron and Steel in Gaul. R. de Tryon-Montalembert. (Techn. 
Civil., 1955, 4, (1), 28-43; (2), 57-76; (3), 98-113; (5), 153-176; 
(6), 187-206; 1956, 5, (1), 21-33; (3), 99-112). A carefully 
documented and iilustrated historical account of the early 
industry of the primitive, Gallic and Gallo-Roman epochs to 
the fall of the Roman Empire is presented. The narrative is 
linked with historical circumstances and diagrams of excava 
tions and reconstructions are given, with accounts of the 
mining, smelting and working of iron and the tools and other 
objects produced. Memoir of the author, 1955, (6), 207-8. 

Pompey Steelworks. (Aciers Fins Spec. Frang., 1956, Dec. 
91-94). A short history is given of the Pompey Steelworks 
Company, which from a small forge in the Ardennes in 1836 
has developed until it now controls five works, which include 
a modern steel foundry and an ammunition works. The largest 
works, the Pompey Steelworks, produces a wide range of 
special steels and includes blast furnaces and electric steel 
melting furnaces and modern rolling mills. A point of interest 
is that the iron for the Eiffel Tower was supplied entirely by 
Pompey for the 1889 Paris Exhibition.—r. A. ¢ 

Iron Smelting in Schleswig-Holstein in Prehistoric and 
Ancient Times. H. Hingst. (Stahl u. Eisen, 1957, 77, Feb. 7, 
162-167). In Schleswig-Holstein in North Germany bog iron 
ore is found in many places. Bloomery-process remains were 
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excavated and it is estimated that the bloomery process was 
used there between 500 B.C. and 500 A.D.—rt. a. 

Guipuzcoa. (Met. Elect., 1957, 21, Jan.). [In Spanish.] A 
116-page supplement, consisting of 27 descriptive articles on 
many aspects of this region of Spain, is published in this issue. 
The 6th and 9th articles refer to the old Basque iron-making 
industry and are of historical interest: each has a few illustra- 
tions associated with these works.—P. s. 

A Great Metallurgist—Edouard Tresca. (4Aciers Fins Spec. 
Fran¢., 1956, Dee., 108-111). Edouard Tresea (1814—1885) 
achieved wide recognition for his work on the plastic behaviour 
of metals and during his long association with the Museum of 
Arts and Crafts was responsible for many original contributions 
to this subject. His many and varied interests and appoint- 
ments are described in this short account of his life and work. 

A Great French Metallurgist—Alexandre Tropenas. (Aciers 
Fins Spec. Frang., 1956, June, 109-112). Alexandre Tropenas, 
(died 1916), devoted the greater part of his activity to the 
development of the side-blown converter as a producer of 
quality steel and also capable of wide flexibility of working. A 
short review is given of his life and work, and an extract is 
included from his own description of the working of his 
converter.—E. A. C. 


MISCELLANEOUS 


Atomic Masses in the Region from Iron to Zinc. K. S. 
Quisenberry, T. T. Scolman and A. O. Nier. (Phys. Rev., 1956, 
104, Oct. 15, 461-470). 

The Change of Surface Potential of Metallic Films by 
Chemisorption. R. Culver, J. Pritchard and F. C. Tompkins. 
(Proc. 2nd Internat. Congress of Surface Activity, preprint, 1957, 
(3), 218-221). Hydrogen and CO were adsorbed on iron and 
other metal surfaces and surface potential differences were 
measured. 

The Dissociative Adsorption of Methane and Ethane on 
Evaporated Metal Films. P. G. Ashmore, P. G. Wright and 
C. Kemball. (Proc. 2nd Internat. Congress of Surface Activity, 
preprint, 1957, (3), 194-198). Iron,-W and Ni were used. The 
rate-determining step appears to be hydrocarbon radical 
breakdown for hydrogen evolution. 

On the Ion Adsorption Properties of Synthetic Magnetite. 
P. J. Anderson. (Proc. 2nd Congress of Surface Activity, 
preprint, 1957, (2), 512-525). Both cation and anion absorp- 
tion properties are found. The effects of pH on zeta-potential 
are interpreted. 

The Effect of Added Titanium and Aluminium on the 
Magnetic Behaviour of a-Ferric Oxide. G. Haigh. (Phil. 
Mag., 1957, 2, 8th Series, Apr., 505-520). A magnetic study is 
reported with reference primarily to rock magnetism. 

To-day’s Frontiers in High Temperature Technology. N. K. 
Hiester, F. A. Ferguson and N. Fishman. (Chem. Eng., 1957, 
64, Mar., 237-252). This mainly refers to chemical processes 
but there is a small metallurgical section, a section on atomic 
reactors and much data on the attainment and measurement 
of high temperatures with a section on materials and the 
effects of molten metals on refractories. (46 references). 

Cobalt, Tungsten, Molybdenum—1956. R.J. Jones. (Canad. 
Min. J., 1957, 78, Feb., 132-134). Production and producers 
are summarised. 

Vanadium Alloys. K. Ottander, 8. Thomas. (Jernkontorets 
Legeringsmonograph No. 5, 1957, pp. 30). [In Swedish]. This 
is a lengthy report divided into 7 sections dealing with vana- 
dium in its various forms as pure metal, ferrovanadium, 
vanadium pig iron, vanadium slag and pentoxide or vanadic 
acid. The mineral sources, production and commercial 
matters such as consumption, delivery, packing and prices are 
dealt with. Data appear also on the physical properties and 
chemical analyses. Information is given on health risks to 
workers, quality, industrial uses, notably in c.i. and steel 
foundries for deoxidizing purposes, welding and alloying with 
the base metals. (54 references.)—r. R. H. 

Abstract Art is Always Representational. G.Delbart. (Techn. 
Civil., 1956, 5, (5) 149-160). Many excellent photomicro- 
graphs of metals and similar objects, some in colour, are 
reproduced and considered purely aesthetically. 

The Statistics of the Development of Large, Medium and 
Small Factories in Berlin. H. Runschke. (V.d.1.Z., 1956, 98, 
Sept. 21, 1589-1595). A survey of the development of Berlin’s 
industry is made, The pre-war capital attracted all types of 
industrial concerns and the high initial development costs 
were offset by the available labour force. Military considera- 
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tions retarded development during the 1939-45 war but post- 
war expansion has been rapid especially in the electrical 
industry. Metallurgy is included.— J. rR. P. 

Single Objective Approach to Quality Control. ©. H. Fitz- 
wilson. (Amer. Iron Steel Inst. Reg. Tech. Meetings, 1956, 
405-417). The United States Steel Corporation’s methods 
are outlined. 

Some Methodological Problems in Calculating Labour 
Productivity. Ya. D. Kats. (Stal’, 1956, (6), 554-558). [In 
Russian]. Methods of calculating labour productivity (product 
per unit working time or working time per unit of product) in 
various iron and steel-making operations and at different 
Soviet plants are discussed.—-s. kK. 

An Iron-rich Scorzalite from Hallsjoberget (Horrsjéberget), 
Sweden. A. Henriques. (Archiv. Min. Geol., 1957, 2, 127-131). 

Ferrokarpholith-Karpholith. H. Strunz. (Acta Crystallo- 
graphica, 1957, 10, Mar. 10, 238). [In German]. 

X-Ray Measurements of the Iron-Magnesium Ratio in 
Biotites. J. A. Gower. (Amer. J. Sci., 1957, 255, Feb., 142 
156). 

Structure and Ferrimagnetism of Yttrium and Rare-earth 
Iron Garnets. S. Geller and M. A. Gilleo. (Acta Crystallo- 
graphica, 1957, 10, Mar. 10, 239). 

A Spectrophotometric Study of the Hydrolysis of Iron (III) 
Ion. Heats and Entropies of Hydrolysis. R. M. Milburn. 
(J. Amer. Chem. Soc., 1957, 79, Feb. 5, 537-540). 

Study on the Reduction Process of Iron Pyrites. K. Niwa. 
Y. Katsufuji, and T. Maekawa. (Nippon Kinzoku Gakkai-Si, 
1953, 17, Sept., 431-434). [In Japanese]. The course of 
reduction by hydrogen in the range 460—550° C was followed 
by continuous measurement of loss of weight and X-ray 
diffraction analysis of the phases. The reaction is initially 
first-order, but the rate constant increases gradually, and 
markedly at 60%, decomposition. FeS, first decomposes to 
give FeS,.,,; only when all FeS, has been reduced is the 
further reduction to FeS initiated.—x. FE. J. 

Chromium Output and Uses. (Financial Times Survey, 
[1957], 43). 

The Solid Solubility of Sulphur in Iron and Ferromanganese. 
E. T. Turkdogan, 8. Ignatowicz, and J. Pearson. (Rev. Mét., 
1955, 52, Sept., 725-730). The solid solubilities of sulphur in 
y-iron have been determined at 1000°C and 1200°C to be 
0-013 and 0-031°., while in presence of a 0-40°, and 1-16°, 
manganese content the sulphur solubilities are 0-0019 and 
0-0007°,, respectively at 1200° C. The sulphur activity 
coefficient is considerably lowered by the presence of 
manganese.—B. G. B. 

The Uses of Cobalt. M. Urbain. (Rev. Univ. Min., 1956, 
9th Series 12, Dec., 621-630). The world production of cobalt 
in 1945 was 4700 t (metric) and increased to 12,500 t in 1955, 
The principal use of cobalt is in high temperature alloys for 
use in gas turbines and jet engines.—B. G. B. 

Manganese: A Basic Element in Steel Production. (/ nancial 
Times Survey, [1957], 42). A brief review of sources and other 
features. 

The Hardness of Tungsten. (Financial 
[1957], 45). An account of sources, the ** hardness 
to refer to steels. 

Recent Developments in the Field of Nickel and Nickel Alloys. 
W. Betteridge. (Metall, 1957, 11, Jan., 24-28). The following 
recent developments of nickel technology are summarized: 
‘ Kanigen’ process of coating with nickel, graphitie nickel 
alloys, Ni-Cu and Ni-—Cr alloys, creep-resisting alloys, Ni-Fe 
and Ni—Mo alloys.—. G. w. 

The Prevention of Gassing Accidents in Iron and Steel 
Works. (British Iron and Steel Federation, Sub-Committee 
Report, 1956, pp. 27). A report on carbon monoxide hazards 
is given, with methods of testing, rescue, and resuscitation. 


Times Survey, 
” appears 
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Starr, C. H. ** The Specification and Management of Materials 
in Industry.” With a Foreword by Lt.-Gen. Sir Thomas 
Hutton. 8vo, pp. xii 194. Illustrated. London, 1957: 
Thames and Hudson. (Price 21s.). 

This book discusses yet another venture in the field of 
scientific management in which factual assessment by a 
specialist is followed by the application of a standard 
procedure. 

The book is devoted to developing the single idea that 
in modern industry a centralized Material Department 
“can contribute just that little extra that is so important 
in the interests of smooth running and good control.’’ The 
terms of reference for the department propose that it should 
be. . . ‘* the responsible authority for all technical aspects 
of materials . . . for all technical aspects of purchasing 

for the preparation and maintenance of purchasing 
specifications . . . and of process specifications covering the 
use of materials . . . for the routine testing . . . and check 
testing of . . . materials and components.” 

It is written primarily for the light engineering industry 
where fairly large numbers of a component might be ordered 
to a particular specification and yet where, because of the 
changing pattern of manufacture, frequent changes of 
specifications can occur. As such, the book will probably 
have little direct interest for members of the steel industry. 
At the same time some good honest advice is given on the 
setting up of a department and its office organization which 
is apposite to any service department. 

Many of the specialist duties of the materials department 
are already carried out in the steel industry, although 
usually under different names; one example quoted might 
alternatively be undertaken by technical development or 
operational research in different companies. Similarly 
many examples are quoted of the form of material control 
exercised by the chemical laboratories in many heavy 
industries. 

The book is well produced, contains only minor printing 
errors and has a comprehensive index of the ground covered. 
While it is flattering to take out of context a phrase such as 
“the light engineering industry is more irresponsible and 
less well organised than is heavy industry,” the book 
rarely sparkles. The author has been at pains to develop his 
theme with considerable emphasis on the relations with 
other departments, but the book is prevented from being 
platitudinous by the liberal sprinkling of practical applica- 
tions of an interesting nature.—H. G. JONEs. 


Fancutt, F., and J. C. Hupson. ‘“ Protective Painting of 
J Q, 


Structural Steel.” Prepared for the Protective Coatings 
(Corrosion) Sub-Committee of the Corrosion Committee 
of the British Iron and Steel Research Association. S8vo, 
pp. xiv + 102. Illustrated. London, 1957: Chapman and 
Hall, Ltd. (Price 21s.). 

In 1928 the Iron and Steel Institute and the National 
Association of Iron and Steel Manufacturers formed a joint 
Corrosion Committee; the protective painting of structural 
steelwork soon became one of the subjects studied, and this 
work is still continuing under the auspices of the Protective 
Coatings (Corrosion) Sub-Committee of the British Iron and 
Steel Research Association. The present book gives the 
findings and recommendations arising from this work. Mr. 
F. Fancutt, Chairman of the Sub-Committee, has been 
associated with the work for many years, and Dr. J. C. 
Hudson, formerly Official Investigator to the Corrosion 
Committee, and now Head of the B.I.S.R.A. Corrosion 
Laboratory, has been in charge of the experimental studies 
throughout. The book is therefore based on extensive 
first-hand experience of the work, ensuring that it fulfils its 
object of stating ‘ the facts concerning the best 
methods of protecting structural steelwork against atmos- 
pheric corrosion by means of paint, used alone or in con- 
junction with metal coatings . ” Although it deals only 
with the Sub-Committee’s work it may be noted that the 
results agree with those of other bodies such as the Steel 
Structures Painting Council of the United States, and are of 
general application. 

The experimental work has consisted principally of 
atmospheric exposure tests at different sites of numerous 
painted steel specimens, the factors studied including 
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surface preparation of the steel, application of metal 
coatings prior to painting, composition of the paints, thick- 
ness of the paint films, atmospheric pollution and weather 
conditions. These tests, made under controlled conditions, 
have been supplemented by studies of the procedures 
followed and the results obtained in painting large steel 
structures under practical conditions. The resulting 


recommendations stress correct surface preparation In 
particular the complete removal of millscale and rust—the 
use of primary paints with rust-inhibiting properties, the 
application of a dry paint film thickness of at least 0-005 in., 
and selection of the most favourable weather conditions for 
paint application. The illustrations are good, emphasizing 
the findings and recommendations. 

The book is brief but comprehensive, and ean be 
thoughly recommended to all concerned with the protection 
of steel against atmospheric corrosion.-T. A. BANFIELD. 


MINCHINTON, W. E. “ The British Tinplate Industry.” \ 
History. 8vo pp. xix 286. Illustrated. Oxford, 1957: 
Clarendon Press. (Price 35s.). 

This book is as full of information as an egg is of meat. 
Being Lecturer in Social and Economic History in the 
University College of Swansea, the author naturally 
writes mostly about the financial and commercial aspects of 
the trade at various stages of its fluctuating career. But 
his book is not wholly devoted to markets, prices and 
labour relations; it contains brief statements on the tech 
niques employed at various times for making tinplate, 
providing a skeletal background of information on the 
manufacturing problems of the industry and on the replace 
ment of pack-mills by the modern strip-mill. It emerges too 
that, in Britain, rolled sheets, as opposed to hammered 
plates, were first made for the tinplaters and that bot! 
Bessemer’s earliest production and the development o 
the Siemens process were associated with factories largely 
occupied in making plates for tinning. 

The author covers the whole period between the be 
ginning of British tinplate manufacture and the present 
day. Essentially, his narrative arranges itself around three 
principal subjects. The first is the story of the struggle to 
establish profitable manufacture in Britain, an accomplish- 
ment that effectively broke the previous continental 
monopoly and led eventually to the world-supremacy o 
South Wales. The second main topic is the losing battle 
waged during the last quarter of the nineteenth century 
against the upsurge of American competition, when 
British supremacy was lost and the United States climbed 
into the position of leading producer. The third part of the 
story deals chiefly with the difficulties that have attended 
the rehabilitation of the British industry since the first 
World-War, a period that has brought grave problems of 
finance and organization to the whole of the tinplate trade. 

These themes are dealt with in a fascinating way, perhaps 
the most attractive section being the inner story of the 
creation of a modern strip mill to replace the traditional 
method of rolling. Throughout his book the author's 
presentation is entirely factual, almost every statement 
being documented and heavily buttressed with quoted data. 
The book is primarily commercial, rather than technical, 
and as such may be warmly commended. It is well written 
and eminently readable; as an economic history it is a 
model of its kind.—LEsLIE AITCHISON. 


f 


JENSEN, ALFRED. “‘ Applied Strength of Materials.’ 8vo, pp. 
xiii 343. Illustrated. New York, Toronto, London, 1957: 
McGraw-Hill Book Co., Inc. (Price 43s.). 

This is of course a straightforward engineering textbook, 
and includes most matter generally considered as coming 
within the scope of the title. It starts from scratch and 
develops the subject clearly and attractively. The treatment 
does no depend on the use of calculus, but this is no parti 
cular advantage in Britain where potential student readers 
of the book will be familiar with calculus. 

The volume is well laid out and well produced. Each 
chapter has a convenient summary, and there are worked 
problems, and numerous problems and questions for the 
student to answer. Specific criticisms are that the sections 
on testing and materials are too sketchy, and there is no 
mention of fatigue and triaxial stresses. Further, no attempt 
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has been made to modify the book for the British market 
with respect to references to codes and specification, which 
are solely American. 
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